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RETENTION AND PERFORMANCE OF “SKILLED MOVEMENTS” 
AFTER CORTICAL ABLATIONS IN MONKEYS! 


TERESA PINTO HAMUY?:?: ¢ 
Depariment of Physiology, Medical School, University of Wisconsin, Madison, Wisconsin and Yerkes 
Laboratories of Primate Biology, Orange Park, Florida 
Received for publication February 6, 1956 


INTRODUCTION 


Campbell (4) first called attention to the structural characteristics of the so- 
called premotor cortex when he described the intermediate precentral area. 
He was impressed by its many similarities of cellular lamination and fiber 
structure to the precentral area. As to its possible functions he said: “I am of 
the opinion that this particular stretch of cortex is specially designed for the 
execution of complex movements of an associated kind, of skilled movements, 
of movements in which consciousness or volition takes an active part... .” 

Brodmann (2) studied the field and designated it area 6. Later the Vogts 
(23) redefined its boundaries and subdivided it into several subareas. They 
considered it an area for the organization of complex, adversive and synergic 
movements. Finally Economo and Koskinas (7) designated it FB. 

In 1932 Jacobsen (10, 11) reported on the effects of extirpating motor and 
premotor areas upon the retention and execution of acquired skilled move- 
ments in primates. He concluded that after unilateral lesions of the premotor 
area (defined according to the Vogts): “The organization of these movements 
as patterns of response to the specific situation presented by the problem boxes 
was greatly disturbed and necessitated postoperative relearning.’’ Kennard, 
Viets and Fulton (13) reported “precocious disturbances of skilled movements”’ 
as the most significant feature of the “premotor syndrome”’ in man. Earlier in 
1924 Lashley (16) had found retention of motor habits after lesions of the 
precentral motor area which also involved large parts of the intermediate pre- 
central cortex. 


1 Aided by grants to C. N. Woolsey from the Research Committee of the University of 
Wisconsin out of funds supplied by the Wisconsin Alumni Research Foundation and by 
RG-B-35 from the Division of Research Grants and Fellowships, U.S.P.HLS. 

*Instituto de Fisiologia, Escuela de Medicina, Universidad de Chile, Santiago, Chile. 

* The author wishes to thank Prof. H. F. Harlow, Department of Psychology, University 
of Wisconsin, for the use of facilities in the Primate Laboratory, for the loan of testing equip- 
Ment and for the use of the six normal monkeys which served as controls. She also wishes 
to thank Dr. Lashley for his kindness in lending the latch boxes for use at Wisconsin and 
especially to thank Dr. Woolsey for reading the manuscript and giving most helpful sugges- 
tions. 
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Because of the apparent contradiction in the results of Jacobsen and of 
Lashley, it was decided, while the present author was working at Orange Park 
in 1949 under the direction of Dr. Lashley, to reinvestigate the problem of the 
premotor area as a locus for the retention of learned skilled movements. The 
results obtained then did not appear conclusive. Two animals having nearly 
complete premotor ablations appeared oriented and showed good retention 
with some of the problem boxes but with others they required a larger number 
of trials to reach a uniform performance than before operation. These same two 
animals (49-1, 49-2) also had some damage to the precentral motor area. One 
month after operation they failed to open some of the latches; two months 
after operation they succeeded. It was therefore uncertain whether the deficits 
noted were due to the premotor or to the precentral lesions. Likewise it was 
not clear whether final successful performance resulted from relearning or 
whether testing had been carried out prematurely before optimal recovery of 
motor capacity had taken place. 

Recent electrical stimulation studies on motor areas of the frontal lobe of 
the monkey (26) have indicated the need for reexamining the evidence for the 
concept of a premotor cortex. In mapping the precentral motor area, it was 
demonstrated that the motor pattern hangs together much as does the actual 
musculature and that the accepted complete separation of face from trunk area 
by the intervening arm area is not correct. The part of the pattern which binds 
together face, arm and leg subdivisions is that for the axial musculature. This 
forms the rostral portion of the precentral motor area and its anterior border 
corresponds approximately to the boundary between the Vogts’ (23) areas 6 
aa and 6 a8. Only pupillary dilatation was produced by threshold stimulation 
of dorsal area 6 rostral to this boundary. From the total pattern defined it 
seems clear that Bucy’s (3) area 6 motor responses and the synergic movements 
obtained by the Vogts on stimulating area 6 on the dorsal aspect of the hemi- 
sphere must have been due to stimulation of the rostral portion of Woolsey’s 
precentral motor field which activates the axial musculature (26). 

There exists, however, on the medial wall of the hemisphere, in a part of 
area 6, another motor field which Penfield and Welch (17) have designated in 
man the “supplementary” motor area. Since the 1880’s (8) it has been known 
that stimulation of this part of the cortex may give movements of the arm and 
the neck. The Vogts considered this area a continuation of the adversive, 
synergic field of dorsal area 6. However, it has now been demonstrated (26) 
that in the supplementary motor area of the monkey there is a complete rep- 
resentation of the contralateral body musculature. The pattern is so disposed 
that the lower face is represented nearest the dorsal edge of the hemisphere at 
the level of the rostral end of the corpus callosum. The upper face, ear, neck, 
back and tail are represented in rostrocaudal sequence along the deepest part 
of the upper bank of the sulcus cinguli. Fingers are represented at the edge of 
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the hemisphere just ahead of the precentral motor area, while more proximal 
parts of the arm are activated from points between the finger area and the 
deeper parts of the sulcus cinguli. The hind limb representation is entirely 
within the sulcus cinguli with the apex of the limb reaching back to the level 
of the central sulcus. 

As a consequence of these studies several questions arose. Was the impair- 
ment of skilled movements reported for “premotor lesions”’ the result of damage 
to the rostral portion of the precentral motor area? Could the effects be attrib- 
uted to the supplementary motor area, or to removal of dorsal area 6, whose 
stimulation produced no somatic movements? What roles did relearning and 
recovery of motor capacity with the passage of time play in the ability of 
animals to carry out skilled movements after various cortical ablations? To 
obtain the required answers it seemed essential that the lesions be bilateral. 

That areas 4 and 6 might be removed bilaterally in adult monkeys with 
preservation of locomotion was indicated by an earlier report of Woolsey and 
Bard (25) who made serial ablations over a considerable period of time in one 
animal. Recently Travis and Woolsey (20) prepared gradually several animals 
with bilateral removal of precentral and supplementary motor areas, leaving 
only the precentral face areas. These animals continued capable of walking 
and feeding themselves. These results encouraged us to train some of these 
animals in motor tests. We were able, in fact, to test one animal after nearly 
complete bilateral removal of the whole frontal lobe. 


MATERIALS AND METHODS 


Animals. Seventeen animals, previously untrained, were used in this study. Four of 
these were prepared and studied at Orange Park (49-1 to 49-4). The brains were removed 
after perfusion and fixation in 10 per cent formalin. They were sectioned in the Phipps 
Neurological Laboratory and the gross lesions were reconstructed by the author in the 
Department of Physiology, The Johns Hopkins University, School of Medicine. The results 
are charted in Figure. 3. 

Seven were prepared and studied at the University of Wisconsin (50-3, 50-10, 50-70, 
50-74, 50-79, 50-149, 50-150). The lesions are illustrated in Figures 1 and 2, except for those 
of 50-74, which are shown in Travis (18), Plate XIX, Figure 6. The brains of animals 50-70, 
50-79, 50-149 and 50-150 were perfused and fixed in 10 per cent formalin and then sectioned 
at the Phipps Neurological Laboratory, The Johns Hopkins University, School of Medicine. 
Dr. Konrad Akert kindly studied the lesions and provided the illustrations. More detailed 
descriptions of the lesions together with reports on thalamic degenerations will appear 
elsewhere (1). 

Animals 50-3, 50-10 and 50-74 were used in another study in which additional lesions were 
made. The placement of the lesions pertinent to this study were controlled at operations by 
electrical stimulation and by knowledge of the pattern of localization acquired in the study 
of the precentral and supplementary motor areas referred to above. The lesions as defined 
by the operative notes are illustrated in Figure 1. 

All ablations were made with animals under pentobarbital anesthesia by Dr. Clinton 
Woolsey, who employed the subpial aspiration technic and worked with a Beebe binocular 
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Fic. 1. Dorsal, lateral and medial views of the brain of monkey 50-70 showing the lesions 
as reconstructed from serial sections. The black indicates complete removal of cortical 
tissue; the dotted areas signify that only the superficial layers were removed. An old acci- 
dental injury to the left occipital lobe was found. 

Monkey 50-3 was studied (1) after the precentral arm, leg and trunk areas (lined) had 
been removed bilaterally in four successive operations at 3 month intervals, and (2) after 
bilateral removal of supplementary motor areas (cross-hatched). The illustrations were 
constructed on the basis of operative notes and the appearance of the brain, when exposed 
for subsequent further cortical removals. 

Monkey 50-10 was studied after each of four successive operations: (1) Bilateral precen- 
tral removal (lined), (2) bilateral dorsal area 6 removal plus removal of right orbitofrontal 
and anterior cingulate regions (cross-hatched), removals of bilateral supplementary motor 
areas (black), and (4), removal of left orbitofrontal and anterior cingulate areas (dots). 
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50-79 


50-150 


Fic. 2. Charts of brain lesions in monkeys 50-79; 50-149 and 50-150, as reconstructed 
from serial sections. 


loupe. The dura was always closed with fine continuous silk surtures and the bone flaps 
were replaced. The Wisconsin animals were all studied neurologically by A. M. Travis 
and for the purposes of her study the lesions were made in stages. These neurological studies 
have been reported separately (18, 19, 20, 21 and 22). Some of these animals were tested by 
me only after the final operation; others were studied at various stages. Photographs of the 
final state of the brains of several of the animals appear in the Travis papers. 

Six animals served as controls. They were naive animals of the Primate Laboratory, 
University of Wisconsin (Numbers 156, 157, 158, 159, 162, 164). 

Testing apparatus. The problem boxes used were those illustrated in Jacobsen’s (9) 
Figures 1 to 8. These had to be opened to obtain concealed food rewards. In addition to the 
preliminary rope box there were two series. Series A included the pull box, the crank box, 
the hook and handle box and combination box A, a composite of the preceding three. Series 
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49-4 
Fic. 3. Charts of brain lesions in monkeys 49-1, 49-2, 49-3 and 49-4 as reconstructed 
from serial sections. The dotted areas indicate superficial damage to the cortex. 


B consisted of a slide box, a ring box, a hasp box, and combination box B, which was com- 
pounded of the other three. The crank box differed from that illustrated by Jacobsen in that 
the crank was at the right hand end. The crank had to be turned clockwise approximately 
300 degrees. It was set at “8 o’clock”’ and had to be turned to “6 o’clock”’. 
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Fic. 4. Push-pull box. The animal must operate the four rods that project from the 
front of the box. The first three rods, going from left to right must be pushed before the 
fourth rod, which releases the lid, can be pulled. B. Peanut slide. The peanut can be sent 
down in either of the three channels shown in the photograph. The monkey must catch the 
peanut on its way down before it disappears into the box beneath the lower cover. C. Life- 
saver bar. The animal must remove the life-saver placed on the rod. 


ted To these two sets was added another box called the push-pull box (Fig. 4A). This was 
similar in principle to one described by Jacobsen, Wolfe and Jackson (12). It was made of 
wood and measured 8 x 814 x 9 inches. Four metal rods, 2 inches long, set 114 inches apart, 
m- projected from the front of the box. The rods were numbered 1 to 4 from left to right in the 
hat order in which they were to be operated. Rods 1 to 3 had to be pushed, rod 4 pulled. A con- 
cealed mechanism was so arranged that rod 1 had to be pushed and left in before rod 2 
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could be pushed; likewise 2 had to be in before 3 could be pushed and rods 1, 2 and 3 had 
to be in before 4 could be pulled to open the box. 

Two new tests were added. In these the food was in sight of the animal. They were 
named the peanut slide and the life-saver bar. The peanut slide (Fig. 4B) was an inclined 
plane made of a piece of plywood 24 inches square, in the center of which were three channels 
2 inches wide. The upper and lower ends of the channels were covered. The peanut was 
placed, under cover, in one of the channels and sent down the slide. The animal had to catch 
the peanut before it disappeared into a box beneath the lower cover. The inclination of the 
slide could be varied so the peanuts could be made to descend at different rates. Four dif- 
ferent angles of inclination were used: 12.5, 25, 35 and 45 degrees. The life-saver bar (Fig. 
4C) was a '¢ inch metal rod 71% inches long. It was attached to a metal post mounted on a 
board. The free end of the bar could be set to point either to the right or to the left. A candy 
life-saver placed on the rod near the post had to be removed by the animal. 

A special room was used for testing. The animal was brought from its living-cage to the 
testing room where it was placed in a cage with vertical bars through which it could reach. 
The problem boxes and the life-saver bar were baited in view of the animal and moved 
toward it across a table on a carrying tray to which each piece of apparatus could be attached. 
The peanut slide was placed on the table directly before the cage grill. 

Training procedures. Before formal testing started the animals were brought to the 
testing room daily for at least 10 days. They were fed by the experimenter and a special 
effort was made to get them used to the carrying tray. 

The animals studied at Orange Park were trained only on the latch boxes. Animals 
49-2 and 49-4 were tested only with Series A problem boxes; animals 49-1 and 49-3 were 
tested only with Series B. It was our impression then that Series A, particularly the crank 
box, was more useful for revealing deficits in these animals. For this reason the Wisconsin 
animals were trained on Series A alone, except for monkey 50-10 who was tested on the 
crank box and on the slide and the hasp boxes and on combination box B. 

At Wisconsin the tests were given each monkey in the following order: 1) The peanut 
slide; 2) the rope box; 3) the pull box; 4) the crank box; 5) the hook and handle box; 6) 
combination box A; 7) the push-pull box; 8) the life-saver bar. 

Animals were trained on the peanut slide by allowing them to practice catching raisins, 
grapes and other pieces of food rolled down the slide. As training progressed changes in the 
inclination of the slide were made more frequently. When the animals were accustomed to 
the apparatus and consistently made efforts to get the reward, formal testing was begun. 
A series of 200 critical trials was given to the normal controls and to the experimental group. 
The maximal number of trials a day was 40. The channel in which the peanut was dropped 
and the angle of the board were changed at random. Salted Spanish peanuts were used and 
an effort was made to choose the roundest. The number of peanuts missed at each session 
was recorded. At least 20 seconds elapsed between trials. The control group received a 
second series of 200 trials after 6 months. It was not considered necessary to give them a 
third series because their performance appeared to plateau. The operated animals had 
their second series after they were considered adequately recovered. 

Training on the problem boxes was initiated with the rope box. Training was discontinued 
when the animals were able to open each box consistently with little or no random move- 
ment in approximately the same length of time. On the crank box the animals got some help 
in the first three trials. The crank, instead of being set at ‘8 o’clock’’, was set at “3 o’clock”’. 
The elements of the hook and handle box were dissociated in the first 3 to 6 trials. The 
combination box was presented as such at the first trial. 

With the push-pull box an attempt was made to present the whole problem from the 
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start, but no monkey was able to open it after one hour’s presentation on three successive 
days, nor when the box was left with the animal overnight for three nights. The box was 
then presented with rod 4 alone set. When this was mastered, rod 3 was set, then rod 2 and, 
finally, rod 1. Only the experimental animals were trained on this box. 

A record was kept of the number of trials that each animal needed to learn each problem 
and of the time required for each trial. Notes were kept of the pattern of movements em- 
ployed and of the use of right and left hands. Usually training was continued for about 30 
minutes each day. Retention was studied on the control group after 6 months. A third series 
was considered unnecessary, since performance plateaued in the second series. 

With the life-saver bar a procedure very similar to that used with the latch-boxes was 
followed. Five pretesting trials were given with the bar pointed toward the monkey. Then 
the bar was presented pointing to right or to left at random. No more than 6 trials a day 
were given in this test. All the animals used for ablations liked the candy, but two in the 
control group were not motivated by this lure. Besides the candy a piece of some preferred 
food was added at the end of every trial. Training was discontinued when uniform per- 
formance was reached. The control group was tested again after 6 months. 


RESULTS 
A. Precentral Motor Area 


1. Bilateral ablation of precentral arm area. Two animals (50-70, 50-74) were 
trained before and after complete bilateral ablation of the precentral arm area. 
Testing of both animals was begun 4 months after operation. 

a. Results on the peanut slide test. Curve 4, Figure 5 shows the mean per- 
centage error for both monkeys, after the operation indicated by the first arrow. 
Each unit on the abscissa represents 40 trials (approximately the number of 
trials per day). After removal of the arm areas there was a significant increase 
in the number of peanuts missed (¢ = 16.2; df = 38; p. < .001). The animals 
were unable to catch a single peanut when the slide was at its two highest posi- 
tions (35 and 45 degrees). When the slide was at 25 degrees monkey 50-70 missed 
77 per cent of the peanuts as compared with 23 per cent before operation. Mon- 
key 50-74 missed all at this position of the slide. There was no improvement 
of performance in this test throughout the postoperative training period. 

b. Results on the problem boxes. It was clear as soon as the boxes were pre- 
sented that the animals were well oriented. They started to work immediately. 
Since the pull box never revealed any difference between the normal controls 
and any operated animal, except 50-150, results for it will not be presented. 

The results on the crank box test are given in Table I. The records of the con- 
trols and the experimental group during the learning and the retention trials 
are shown. Postoperatively the monkeys with precentral arm lesions showed 
good retention of the habit. The minimal time per trial (M) was not as good as 
the corresponding preoperative value. The record of monkey 50-70 was inferior 
to that of 50-74, in spite of the fact that the former seemed to have in general 
better manual dexterity. However, this is accounted for by the relative deficits 
of the right and left arms in the two monkeys and the position of the crank. 
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Fic. 5. Results on the peanut slide. Percentage of failures on ordinate. On the abscissa 
each unit represents 40 trials. The arrows on each curve indicate from left to right the suc- 
cessive operations. 

Curve 1: Normals. First test series and second series after 6 months. Curve 2: Monkey 
50-149. Normal series, and series after bilateral supplementary motor ablations. Curve 3: 
Monkey 50-79. Normal series and series after (a) bilateral supplementary plus partial pre- 
central ablations, (b) after addition of bilateral dorsal area 6 lesion, and, (c) after addition 
of lateral area 6 lesions. Curve 4: Mean percentage for monkeys 50-70 and 50-74. Normal 
series and series after (a) bilateral precentral arm lesions and (b) after added removal of 
both precentral leg areas. Curve 5: Mean percentage for monkeys 50-3 and 50-10. No normal 
series. (a) Series after bilateral ablation of precentral arm and leg areas, combined scores for 
both monkeys; (b) results from 50-10 alone after additional bilateral removal of dorsal area 
6 plus right orbitofrontal and anterior cingulate cortex; (c) combined scores for 50-3 and 
50-10 with the lesions illustrated in Figure 1. 


Monkey 50-74 had better use of his right hand and so was better able to ma- 
nipulate the crank than was 50-70. 

Table II shows the results on the hook and handle box test. Both animals 
showed good retention. Monkey 50-74 did not achieve his minimal preoperative 
time, apparently because of the marked impairment of his left hand. He had to 
readjust and change his pattern of movement. Before operation both animals 
opened this box with the left hand alone. They were able to lift the handle and 
to shift to the hook before the handle completed its fall. After operation, 50-70 
was unable to do this. He had to learn to lift the handle with his right hand and 
then using the left hand as a claw, to draw out the hook and transfer it to the 
right hand and so lift the lid to which the hook was attached. Transfer of the 
hook thus lengthened the procedure. Monkey 50-70, still relatively more skillful 
with his left hand, did not modify his pattern of movement. 

The results on combination box A test are shown in Table III. The operated 
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TABLE I 
Results for the Crank Box Test 
Average time in seconds consumed in opening the box by the control normals and experimental group 
Learning trials—Control group Learning trials—Experimental group 
Sub- 159} 186 | 157 | 154 | 162) 158 49-2 49-4 | 50-70) 50-74) 50-79 3 50-10 
N N N N N PCAL. | PCAL. 
1-3 |15 8 2/15 | 23 | 14 75 5068) 49 |157 | 40 5 |197 66 186 
46 |13 4 16 2 | 27 2 6 290) 20 9 | 48 1 |268 37 140 
7-9 | 3 1 1 |\M1 5 |\M1 3 238)101 | 14 | 29 |MI |223 29 32 
10-12 |M2\|M1 |M1 M2 M2 1155} 2) 15} 41 35 7 103 
13-15 197\M1 8 | 12 35 M6 115 
16-18 75 3 |\M4 92 99 
19-21 128 M2 24 56 
22-24 7 12 10 
25-27 3 5 9 
28-30 M2 2 13 
31-33 M1 10 
34-36 11 
M9 
Retention trials—Control group Post-operative retention trials. Experimental group 
After 6 months 6D = Supp.|Supp.| T. 
1-3 | 10) 3 1 4 2 2 |4049 [7°31] 25 | 27 5 |344 | 56 3 78 
46 a2 2 2 1 1 | 267 22| 3) 39 5 | 65 | 30 2 23 
7-9 |\M2|M1 |M1 |M1 |M1 |M1 29 30|M2 | 10 |M4 | 13 |M1 6 Failed 
10-12 28 12 7 8 M4 
13-15 43 12 6 7 
16-18 40 22 M4 3 
19-21 33 5 M3 
M24.i M4 
By PC. PC. |Supp. =. PC, 6D 
A.L.| A.L.| 6. O.F.| Supp. 
1-3 6 3 2 38 
46 5 2 2 49 
7-9 M5 |\M2 |M1 M16\Failed 
Sw After 
6D, 2 
6L Mo. 
1-3 2 6 
+6 1 2 
M1 M1 


Average time in seconds consumed in opening the crank box by the normal and experimental 
animals. Each column is headed by an animal’s number. The results obtained during the first period 
of training for normal controls and experimental animals is shown in the upper half of the Table. 
Results for successive periods of training are found in the lower half of the Table. For normal con- 
trols the scores in the lower half correspond to the retention trials after six months; for experimental 
animals the scores correspond to the second, third or fourth period of training after each successive 
operation. Animals 50-3 and 50-10 differed from the others in that their first training period came 
after several operations. A = arm. 6D = dorsal portion of cortical area 6. 6L = lateral portion 
cortical area 6. L = leg. M = best performance achieved. N = normal. O.F. = orbito-frontal region 
of cortex. P = partial. PC = precentral cortical region. Pre-op = preoperative. Supp = supple- 
mentary motor area of the cortex. T = temporal neocortex. _ [~° = Results of trials two months 
after the operation. 
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TABLE II 
Results for the hook and handle box test 


Average time in seconds consumed in opening the box by the control normals and experimental group 


Learning trials—Control group Learning trials—Experimental group 
> 159 186 157 164 162 158 49-2 49-4 | 50-70) 50-74 50-79 2 50-150 
N | ON N N | N|N N N|N|N|N N 
1-3 62 11 Sra 7 54 | 15 240 1228) 93 |163 | 31 | 29 91 
46 | 240 | 312 5 2| 35 7 |218 35 110 | 16 | 20| 9 \449 9 
7-9 | 371 | 164 | 15 M2; 50/115 11 61 | 12 | 49 | 57 | 21 14 
10-12| 78 73 | 31 109 | 45 | 27 10 9;10; 4} 59 7 16 
13-15} 33 68 | 15 15 | 439 | 8&3 196 7 | 32) 23 8 | 21 66 
16-18; 37 | 34| 33 58 | 220 | 40 64 6| 8 |214 | 14 | 23 29 
19-21; 29 17 |122 58 55; 8 236 7 | 16 |130 | 11 6 16 
22-24; 14 11 | 10 13 57 | 14 112 20; 13 | 16 | 64 11 
25-27| 16 ni a 10 18 | 14 12 6; 3] 13] 11 12 15 
28-30 8 | 29} 12 16 17 |225 45 2 |M2 | 26 | 12 | 13 2 
31-33; 10 6} 11 19 14 | 30 115 M2 20; 8/| 3 M2 
34-36 7 7| 8 7 7| 8 13 12 2 |M3 
37-39 9 16| 7 5 10 | 6 12 5 |M2 
40-42 9 16 7 M7 | M5 6 15 3 
43-45| M3 | M2) 5 M2 M8 M2 
Retention tests—Control group Post-operative retention trials—Experimental group 
After 6 months Area 6, P.Pc | 6D |PC.A/PC.A/Supp.|Supp. T. 
1-3 7 3 7 6 1/129 16/128 7i & 3 5 
4-6 2 2 3 2 2); 92 32) 31 6| 6| 2 1 5 
7-9 | M2 | M2 Mi M2 | M2 |M1 | 74 11} 8 |\M3 |M5 |M2 |\M1 2 
10-12 98 3) 33 M2 
13-15 85 M5\M2 
PC.| PC. Supp} 
AL. |AL-| 8 
1-3 20 | 26; 2 +2 hours 
4-6 8! 6 1 +3 hours 
7-9 M4 |\M6 |\M1 +3 hours 
After 
6L 2 Mo. 
1-3 2 6 
M1 M2 


I~” = Results of trials 17 to 31 and 46 to 51 of monkeys 49-2 and 157 respectively. For the 
general arrangement of this Table see legend on Table I. 


animals, having already adjusted to their new condition on the preceding boxes, 
did not show any clear differences from the control group in the number of trials 
and time per trial. 

Data for the push-pull box test are given in Table IV. It is clear from the num- 
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TABLE III 
Results for the combination box A 
Average time in seconds consumed in opening the box by the control normals and experimental group 
Learning trials—Control group Learning trials—Experimental group 
1-3 38 78| 62) 128| 23 | 46 | 33 \263 [12/403 |154 |186 |195 10 52 
46 36) 58 8 | 24 | 32 13131 |118 | 10 | 40 25 49 
7-9 51 75 13 75 15 8 | 17 |123 8128 161 | 14 | 47 16 107 
10-12} 33 107 4 50 | 30 | 65 | 54 10\118 |242 34 |117 17 17 
13-15| 77 47 86 21 10; 8 | 7| 19 |202 | 19 |140 15 15 
16-18; 49) 49 34 6 15 6 | 20 | 26 M7\ 22 | 42 | 11 85 22 11 
19-21; 38 58 | M6 8 | 22 |168 27 | 53 9 31 
22-24; 19 62 12 M6 19 |123 13 | 36 |\M5 | 58 33 8 
25-27} 13 6 11 20 | 52 7 |154 44 M6 M6 
28-30 8 | 23 25 | 40 M5 | 67 38 
31-33 | M7 21 19 | 14 12 70 
34-36 18 9 | 30 20 31 
37-39 13 M7 | 29. 6 36 
M7 M6 61. 
Retention tests—Control group Post-operative retention trials—Experimental group 
After 6 months 6D Supp. 
1-3 9 7 12 6 8 7 | 52 55 12 | 90 | 14 29 36 
4-6 8 6 8 9 10 7 | 98 24 7 | 30} 13 5 13 
7-9 | M6 | M5 | M5 | M6 | M7 \M5 | Si 16 7 | 25 |\M12 M4 8 
10-12 M10; M7 M7 | 26 M4 
13-15 10 
M8 
4-14 T.O.F. 
o 
n 
1-3 15 | 90 | 15 
46 11 | 30 | 10 
7-9 7 | 25 \M9 Failed 
10-12 M7 
6 After 2 Mo. 
n 
1-3 17 Not 
4-6 il tested 
M8 


JS = Results of trials 46 to 60 and 31 to 54 of monkeys 49-4 and 50-149, respectively. For 
general arrangement of this Table see legend on Table I. 
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TABLE IV was 
Results for the push-pull box test witl 
Average time in seconds consumed in opening the box by the experimental group > 
a 
Learning trials. Experimental group mar 
fabs | | so-7aN | s0-79N | 50-149 | 50-150N < a| 
som | left 
No. No. No. No No. pca | 2 | | 
Trials | rods rods rods rods ge | § = = 
set set se set 3 Mo 
1|12] 1/12] 1/13] 1] 60] 1-3] 29 44/ 21} 75 first 
46/ 1} 5} 1/15] 1} 7} 1] 3] 2 |303 | 46) 12 165 | 32 3 His 
7-9| 2/46} 1) 2] 2|55| 2/111] 2] 16] 7-9 94| 33 9 
10-12} 2; 2] 6] 2/11] 2] 1 |10-12 Failed |247| 19| M2 
13-15} 2 |215| 3 |239| 34 |13-15 63 | M5 
16-18} 2} 2 3|65| 2) 67] 3 |118 |16-18 20 mo 
19-21} 2/33 | 3| 2/47) 88 |19-21 41 
22-24, 8| 2} 9} 2| 1] 4) 41 |22-24 17 
25-27) 3| 7| 2|105| 3} 8| 3| 4] 71 |28-27 x an 
28-30} 3/57) 1] 4| 52 M7 har 
31-33} 4/35) 3| 9} 4] 32| 4) 58 : dir 
34-36 4/50| 2/46| 4|58| 4| 76| 4| 40 pax. | TOF. 
37-39] 4/13} 2] 8| 4/47| 4|126| 4] 26 |—— 
40-42} 4; 5| 2/26) 4|35| 4 |236| 4] 25 | 1-3 | 70 39 ent 
43-45) 4/12} 2/16] 4] 27| 47| 47 15 lon 
46-48) 4/21} 2| 4] 28| 4] 28] 4| 8| 63| Failed | 21 Failed the 
49-S1) 8; 2; 4/33} 4] 5 |10-12) 13 8 
52-544 4/15) 4/58] 44 /13-15) 9 M6 Sor 
55-57) 4| 3/|16| 4/24] 4/32) 16 M8 pe! 
4) 6) 41 7] 4181 op 
61-63) 4/ 3| 6| 4/11] 4] 69| 4] After 
M3 | 3| 7| 4/38] 4/23] 4/11 
67-69 4/10) 4] 8] 4|24| 4] 4/—— me 
70-72 4 | 87 M5 M9 M3 1-3 51 14 th: 
73-75 4 |108 +6 18 M8 th 
76-78 4/72 7-9 9 
79-81 4| 43 M6 In 
82-84 4| 10 m 
85-87 4 | 32 
89-90 4|8 pt 
M4 
Average time in seconds consumed in opening the push-pull box by the animals of the experimental 
group. On the left side of the Table the scores correspond to the first period of training. On the right = 
side are presented the scores for the second, third or fourth periods of training after each successive In 
operation. w 
fc 
ber of trials required that all monkeys tested on this box had difficulty learning Mi 
it. (The controls were not trained on it.) All animals used both hands to work M 
this box. The following behavior at the end of the training period was typical. 7 
First an attempt was made to pull out rod 4 with the right hand. Then attention - 


age 


O.F. 
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was switched to rods 1 and 2 and each rod was alternately pushed and pulled 
with the corresponding hands. This activity was interrupted intermittently to 
check on rods 3 and 4 in the same way. Rod 1 was then pushed in and left and 
attention was next given to rods 2 and 3. Then, leaving 2 in, rods 3 and 4 were 
manipulated and the box opened. At the end of training, this period of trial and 
error usually lasted for 3 to 16 seconds, but once rods 1 and 2 were accidently 
left in the correct position, rods 3 and 4 were handled efficiently. Monkey 50-70 
was able to work this box after operation with the same pattern of movement. 
Monkey 50-74 was unsuccessful in four sessions on consecutive days. In the 
first session he attempted to pull out rod 4, but he was unable to go further. 
His failure seemed related to the difficulty of using his left hand except as a 
claw. Prolonged observations of normal animals led to the impression that to 
solve the problem this operated monkey would have to acquire not only a new 
motor pattern but an insight which no other monkey seemed to exhibit. 

c. Results on the life-saver bar test. Taking a life-saver candy off a bar was not 
an easy task for a monkey. During the process of learning he usually used one 
hand to move the candy in one direction and the other to move it in the opposite 
direction. After training, the animal used only the right hand when the bar was 
pointing to his right and the left hand when the bar pointed to his left. At the 
end of the first training period the time required to remove the candy was rather 
long (Table VIII). But in the first or second trial of the second training period 
the task could be performed in one to two seconds. All the normal animals and 
some of the operated ones were able to achieve this speed in the second training 
period and occasionally in the first. Monkey 50-70 needed as many trials post- 
operatively as before to reach uniform performance. However, he was able fi- 
nally to surpass the preoperative records of both hands. The performance of 
monkey 50-74 was quite uniform after surgery but his movements were slower 
than for any monkey of the control group. His shortest time was not greater 
than before operation, but it was definitely slow for a second period of training. 
In spite of the greater motor impairment of the left hand in this animal, his 
minimal time per trial was equal to that for the right, because he learned to 
push the candy off the bar instead of sliding it off by grasping it. 

2. Bilateral ablation of precentral arm and leg areas. Monkeys 50-70 and 50-74 
were subjected to second operations in which the precentral leg area was re- 
moved bilaterally. The total lesions after these operations are shown for 50-70 
in Figure 1 and for 50-74 in Plate XIX, Figure 6 of Travis (18). The animals 
were retested 10 weeks later. Two other monkeys (50-3 and 50-10) were tested 
for the first time after bilateral removal of the precentral arm and leg motor 
areas in four stages (Fig. 1). Training of 50-3 was begun 4 months after removal 
of the second arm area and 10 months after removal of the second leg area. 
Monkey 50-10 began training 6 months after removal of the second arm area 
and 6 weeks after ablation of the second leg area. The performance of these two 
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animals will be compared with the learning trials of other monkeys, although 
comparison of the data is difficult because of the great variability of perform- 
ances of monkeys during the learning period. This disappears when the prob- 
lem has been learned, as can be seen in the retention tests of the controls made 
6 months after initial training. For this reason no conclusion about speed of 
learning in these animals will be drawn. We shall comment only on obvious 
differences in the execution of the tasks. 

a. Results on the peanut slide test. There was no significant change in the per- 
formance of 50-70 and 50-74 after bilateral removal of the precentral leg areas as 
compared with their performance after removal of the arm areas alone 
(¢ = 1.75; df = 18; p. = 0.1). These results are shown in curve 4, Figure 5, 
after the second arrow. For a period of 10 days monkeys 50-3 and 50-10 received 
the same preliminary training on the peanut slide as had been given the other 
monkeys in their initial training. They also had six days additional practice to 
give them an amount of training equal to that received by 50-70 and 50-74. The 
average percentage failure for monkeys 50-3 and 50-10 is shown in curve 5, 
Figure 5. No significant difference between the two groups was found. All the 
animals showed severe impairment of ability to catch peanuts even with the 
slide set at 12.5 degrees, and they failed completely when the angle was in- 
creased to 25 degrees. 

b. Results on the problem boxes. Monkey 50-70 was very uniform in his per- 
formance with the latch boxes, but was consistently slower than after removal 
of arm areas alone. Monkey 50-74 did as well as before and even improved his 
performance (Tables I, II, III, IV). Monkey 50-10 appeared to learn these prob- 
lems as readily as normal monkeys. The types of movements employed were 
similar to those used by the other precentral animals. In the results with the 
slide box and combination box B, he was comparable in number of trials and 
minimal time to the normals tested at Orange Park. Monkey 50-3 was tested on 
the pull and crank boxes. She did as well on the first as did normal monkeys. 
However, she was unable to operate the crank box in the manner of other mon- 
keys. It was necessary to teach her gradually to move the crank. First, the 
crank was set at “3 o’clock”’, then at “1, 11 and 8 o’clock”’, until she mastered 
each stage. But she never was able to turn the crank in one movement. Her 
final pattern was as follows: She would lift the crank to approximately “11 
o’clock” with her right hand and then with great effort using both hands, she 
would lift it to “12 o’clock”. At this point the right hand, assisted largely by 
gravity, moved the crank down. Her best time was 9 seconds, the slowest per- 
formance in this test of any animal with removal of the precentral motor cortex. 

c. Results on the life-saver bar test. Monkey 50-70 achieved the peak perform- 
ance reached after the arm area lesions (Table VIII). However, the number of 
trials required by the right hand to achieve this optimum was greater than for 
the controls (Table VII). This is especially significant since it was his third 
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hough TABLE V 
8 Results for the slide box test 
rform- 
Sub 
prob- 49-1.N 49-3 N 50-10 PC.A.L. 6D 
‘made Trials 
eed of Learning trials 
>Vvious 
1-3 490 536 30 
46 13 211 10 
what 7-9 7 100 17 
eas as 10-12 20 8 M2 
alone 13-15 5 3 
16-18 3 M2 
M2 
ceived 
other Post-operative retention trials 
tice to Area 6 P. PC. 6D PC.6D Supp. 
1. The 
rve 5, 1-3 218 17 5 
4-6 127 3 10 
MII the 7-9 68 M2 4 
th the 10-12 52 M2 
as 13-15 21 
16-18 27 
| 19-21 23 
IS per- 22-24 13 
moval 25-27 8 
ed his 
prob- PC.6D Supp. 0.F. 
1 were 
1-3 6 
th the 46 7 
ls and 7-9 4 
ted on M2 
nkeys. Average time in seconds consumed in opening the slide box by three animals of the experimental 
mon- group. 
pe period of training. The performance of 50-74 remained uniform, but again, as 
Her was the case after the arm area removal, his best was poorer than the perform- 
| : “fy ance of normals. Monkey 50-10 did as well in this test as 50-74. He was able to 
4 ii remove the life-saver in 7 seconds with his right hand and in 9 seconds with the 
ae b left. Monkey 50-3 reached uniform performance in approximately the same 
ied number of trials as the controls but her minimal time was longer than that of 
st per- 
the other precentral monkeys. 
cortex. 
form- B. “Premotor” Ablations 
oar Under this category we shall describe the effects of various ablations which 
“re d involved the so-called premotor area, or area 6 as variously defined. 
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TABLE VI 
Results for the combination box test 
Subjects 
49-1.N 49-3 N 50-10 PC.A.L. 6D 
Trials 
Learning trials 
1-3 3029 641 1460 
4-6 2044 569 186 
7-9 180 654 24 
10-12 90 564 92 
13-15 52 655 15 
16-18 61 125 12 
19-21 23 13 6 
22-24 18 205 M4 
25.27 8 18 
28-30 8 36 
31-33 M5 55 
34-36 49 
37-39 55 
40-42 49 
43-45 12 
46-48 6 
M6 
Post-operative retention trials 
Area 6 P. PC. 6D PC.6D Supp. 
1-3 9 234 
46 84 32 
7-9 Failed 25 29 
10-12 15 15 
13-15 M9 8 
M6 
After 2 Mo. PC.6D Supp. O.F. 
1-3 77 93 
4-6 62 24 
7-9 41 16 
10-12 38 M7 
13-15 35 
16-18 29 
19-21 25 
22-24 20 
25-27 14 
28-30 11 
31-33 7 
M6 


Average time in seconds consumed in opening the combination box B by three animals of the 
experimental group. 
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TABLE VII 
Results on the life-saver bar test A 
156 157 158 162 50-70 50-74 50-79 50-149 50-150 50-10 50-3 
N N N N N N N N N PC.A.L. | PC.A.L. 


Ri L | RIL] RIL 


19 |12 | 6 |14 |/10 |13 | 9 |11 |15 |16 | 20) 15 14) 17 10 | 15 | 18 | 24| 14 


After six months. PC.A. | PC.A. | Supp. Supp. 


6|3|6|6|6|6|4| 716 |12|6| 6 6| 6| 6| 9| 4| 9} 12| 6] 14| 16 


PC.A.L.| PC.A.L. | 


is | 7 6 | 6 | 4 
* With Supp., 6D, 6L:R = 3,L = 3. 


Total number of trials required by monkeys with their right and left hand to reach best per- 
formance. R-right, L-left. For the general arrangement of this table see legend in Table I. 


TABLE VIII 
Results on the life-saver bar test B 
156 157 158 162 | 50-70 | s0-74 | 50-79 50-149 50-150 50-10 50-3 
N N N N N N N N M PC.A.L. | PC.A.L 


| 2/15] 2] 7| as 


After six months PC.A. | PC.A. | Supp. | Supp. T PC.A.L. | PC.AL. 


2) 2 2] 19} 13) 15 


PC.ALL. |PC.A.L. | Supe: 


3 | 2\8|7|3 | 1 
* With Supp., 6D, 6L: R = 2,L = 1. 


Maximum speed in seconds achieved by the monkeys with the right and left hand in the life 
saver bar test. For the general arrangement of this table see legend in Table I. 


1. Bilateral ablation of the supplementary motor area. This area occupies a por- 
tion of area 6 on the medial wall of the hemisphere and has undoubtedly been 
removed in part in all previous ablation studies of the “premotor’”’ area. Its re- 
moval was undertaken as an initial operation in 50-79 and as the only ablations 
in 50-149 (Fig. 2). Removal of face and arm subdivisions of this motor field is 
not too difficult, but ablation of the leg portion in its entirety without damage 
to the precentral leg area may be impossible. 

A study of the serial sections of the brain of monkey 50-79 (reconstruction, 
Fig. 2), which, subsequently to the supplementary motor area lesions, had area 
6 removed both dorsally and laterally in each hemisphere, shows the following 
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so far as the supplementary areas are concerned. On the right the arm area has 
been removed but the face and leg areas have been incompletely destroyed; 
there is no involvement of the precentral motor field. On the left, the arm and 
leg portions of the supplementary area have been destroyed, but in addition 
the lesion extends into the cingulate gyrus and there is considerable damage to 
the precentral leg area. It is probable that these unintended injuries occurred 
at the time of the supplementary area ablation rather than when dorsal area 
6 was removed. 

These animals were tested 9 and 16 weeks respectively after operation. 

a. Results on the peanut slide test. Monkey 50-149 did not differ from the con- 
trols before or after operation (Fig. 5, curve 2). Monkey 50-79, which gave neu- 
rological evidence of involvement of the precentral motor area, showed con- 
siderable impairment in this test. His performance is charted in curve 3, Figure 
5. (50-79 vs. normal: ¢ = 9.22; df = 33; p. < .001) 

b. Results on the problem boxes. Both animals showed the same type of diffi- 
culty, differing only in degree. The final speed of performance equaled the pre- 
operative (Table I), but was achieved, apparently, only after a change in the 
preoperative pattern of solving the problem. They had great difficulty turning 
the crank past “12 o’clock”. At this point they would start to move the crank 
back and forth. Finally they succeeded by using the fingers in rotating the prox- 
imal end of the crank after it had been lifted to the “12 o’clock” position. The 
difficulty obviously lay in an inability to make arm and shoulder movements 
necessary for turning the crank in the usual manner. 

c. Results on the life-saver bar test. Monkey 50-149 performed as well as the 
control group. Monkey 50-79 was slower with his right hand than with the left 
(Table VIII). 

2. Bilateral dorsal area 6. By dorsal area 6 we mean that portion of area 6 
which lies between the medial edge of the hemisphere and the dorsal branch of 
the inferior precentral sulcus, rostral to the precentral motor area as defined by 
the stimulation experiments of Woolsey et al. (26). This corresponds approxi- 
mately to Vogt’s area 6 af as it extends on the dorsal aspect of the hemisphere 
and to Brodmann’s original definition of area 6 in this region. In ablating dorsal 
area 6, cortex was removed to the bottom of the inferior precentral sulcus along 
its medial bank. Everywhere only the thickness of the cortex was removed in 
order to avoid damage to fibers leaving the supplementary motor area and to 
prevent damage to the precentral area. In the stimulation experiments dorsal 
area 6 yielded only pupillary dilatation at threshold intensities, while its uni- 
lateral ablation results in temporary pupillary inequality. 

This area was ablated as described in 2 animals. It was removed bilaterally 
in 50-10 6 weeks after completion of bilateral precentral arm and leg lesions. At 
the same time most of the right frontal lobe rostral to the inferior precentral 
sulcus, including the orbital surface, was decorticated. Monkey 50-79 had dor- 
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sal area 6 removed bilaterally, 444 months after the bilateral supplementary 
lesion was made. 

Results. The animals were tested 7 to 8 weeks after operation. Neither of them 
showed any increased deficit on the peanut slide. Monkey 50-79, who had re- 
adapted to opening the crank box after his supplementary lesions, now per- 
formed as quickly as normals. Monkey 50-10 had his first retention test on the 
crank box after this operation. In the first six trials he was slower than the con- 
trol group, but he improved his speed from 6 to 4 seconds per trial. He also 
learned to open the slide box and combination box B after this operation and did 
as well as two normal monkeys tested on these problems. Only 50-79 was tested 
on the life-saver bar. He showed improvement over his previous performance 
(Tables VII and VIII). 

3. Lesions of dorsal area 6, variously combined with lesions of lateral area 6, 
frontal eye field, supplementary motor area and the rostral portion of the pre- 
central motor area. With a view to removing all cortex that has been considered, 
“premotor”, various lesions, more extensive than our “dorsal area 6’’, were 
made. To the supplementary and dorsal area 6 lesions of 50-79 was added 
bilateral removal of “lateral area 6”. This corresponds approximately to the 
Vogts’ areas 6 ba and 6 b, and includes cortex between the ipsilateral motor 
face area (26) and the sylvian fissure. The lesions in animals 49-4, 49-3, 49-2 
and 49-1 are illustrated in Figure 3. In 49-4 the damage is mainly within dorsal 
area 6 and involves on both sides part of lateral area 6. In 49-3 the lesions 
extend about half way to the sulcus cinguli on both sides. They extend into the 
rostral third of the precentral motor area and into the frontal eye fields. The 
lesions in 49-2 also involve the precentral motor and the frontal eye fields. 
The ablation is more extensive in the right hemisphere and involves part of the 
supplementary motor area. Monkey 49-1 had much more of the precentral 
motor area ablated on both sides than any other animal of this group. Lateral 
area 6 was removed bilaterally, also most of dorsal area 6, and some of the ad- 
jacent medial walls. The frontal eye fields were less damaged. 

Results. No additional impairment on the peanut slide, latch boxes or life- 
saver bar was produced in 50-79 by removal of lateral area 6. Monkey 49-4 was 
tested on the pull box, the crank box, the hook and handle box and on combination 
box A one month after operation. No change from his preoperative status was 
detected (Tables I, II, III). Likewise there was no change in monkey 49-3 when 
he was tested one month postoperatively on the slide box, the ring box, the hasp 
box and combination box B (Tables V, V1). 

One month after operation 49-2 opened the pull box immediately but he had 
great difficulty operating the crank box. When the crank reached “1 or 
2 o’clock” he kept moving it back and forth for one-half to one minute be- 
fore it was carried beyond this point. This problem remained unchanged for 21 

trials. Training was postponed for one month. At this time performance was 
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greatly improved and he reached the minimal time of 4 seconds (Table I). With 
the hook and handle box, at one month postoperatively, he required 31 trials to 
reach uniform performance. He was apparently too slow to work both the hook 
and the handle with the left hand, so he began using the right hand to lift the 
handle. At most trials, however, the right hand dropped the handle before the 
left drew the hook. Eventually both hands were coordinated well enough to 
enable him to open the box in 5 seconds. Once he had readjusted to the crank 
and to the hook and handle boxes he was able to open combination box A with 
the same speed as before operation. 

Monkey 49-1 was tested on the slide, ring, hasp and combination B boxes one 
month after operation. He required more trials on the slide box than before 
operation (Table V). During retraining he continually moved the slide first in 
one direction, then in the other. He finally achieved his preoperative speed. He 
performed on the ring box as well as before operation. With the hasp box he 
changed his pattern of movement. Instead of moving the wooden plug toward 
the right with his right hand he moved it up and down until it fell out. In the 
combination box he was able to operate the slide and the ring but could not re- 
move the plug from the staple. These were placed on the end of the box and the 
plug had to be moved away from the animal. This he could not do. When tested 
a month later he succeeded but required a larger number of trials than pre- 
operatively. 


C. Precentral and Supplementary Motor Area A blations 


Two monkeys were carried to this stage after having their precentral arm 
and leg area removed gradually. As has already been noted, 50-3 had consider- 
able damage done the supplementary motor areas when the precentral leg areas 
were ablated. At the last operation destruction of the supplementary areas was 
completed without removal of dorsal area 6. Monkey 50-10 had already had the 
right orbitofrontal area and dorsal area 6 bilaterally removed in addition to 
the precentral arm and leg areas (Fig. 1). The animals were tested 9 weeks after 
these operations. 

a. Results on the peanut slide test. These are charted in curve 5, Figure 5. Al- 
though both animals were already very defective in this test they now appeared 
slightly worse. The difference, however, may not be significant (¢ = 2.20; 
df = 18; p. = 0.03). 

b. Results on the problem boxes. The animals were well oriented to these boxes. 
They opened the pull box immediately. They were unable to open the crank box 
in four successive daily sessions of one hour each. Although they tried, they 
were never able to lift the crank higher than “10 o’clock”’, but if the crank was 
set at “3 o’clock”’, they were able to pull the crank and release the lid immedi- 
ately. It was clear that the difficulty was related to the posture from which they 
tried to lift the crank, to the greater impairment of motor control and to the 
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marked spasticity which these animals exhibited. Monkey 50-10 was able to 
work the slide and combination B boxes. In 9 trials he reached an optimum of 
2 seconds on the slide box. In the combination box he was slower than after the 
precentral and dorsal area 6 ablations (Tables V and VI). 

c. Results on the life-saver bar test. In carrying out this test 50-3 stood up 
(others remained seated). She placed one hand on the bar near the post and 
grasped the candy and bar with the other hand. In this fashion she displaced 
the candy while using the bar as support. The roles of the two hands were re- 
versed when the bar was reversed. Both animals were slower than after pre- 
central ablation. The decrease in speed was less in 50-3, who had lost part of 
the supplementary area at a previous operation (Table VIII). 


D. Ablations of Somatic Area II, Temporal Lobes and Orbitofrontal Cortex 


An initial bilateral removal of somatic area II on the dorsal bank of the 
sylvian fissure (24) was made in monkey 50-150 (Fig. 2). No neurological deficit 
followed this operation and no impairment of performance on peanut slide, 
problem boxes or life-saver bar was detected. 

Neocortex of both temporal lobes was then removed to the extents shown in 
Figure 2. Striking behavioral changes occurred immediately, similar to some of 
those described by Kliiver and Bucy (14) after temporo-hippocampo-amygdalal 
removal. The animal showed marked “oral tendencies”. He would smell and 
taste all objects offered him. He was definitely tamer. Gradually his behavior 
became more normal, but his ‘oral tendencies” continued for the three months 
he was kept. 

In spite of these marked behavioral changes this animal showed no deficits on 
the peanut slide, the problem boxes or the life-saver bar 15 days after the tem- 
poral lobe ablations. 

Later the orbitofrontal cortex was removed bilaterally as shown in Figure 2. 
Immediately after operation there was a great increase in general motor activity 
which persisted. His neurological status was normal. In about 15 days 
he seemed even more tame than after the temporal removals. He was more in- 
different to events about him than normal monkeys and did not engage in chat- 
tering and monkey play with the other animals. However, he noticed any object 
offered and continued to show “oral tendencies.” 

In the testing cage, 4 and 6 weeks after operation, he paced continuously. His 
performance with the crank box was definitely below his ability before the 
orbitofrontal ablation (Table I). However, the pattern of movement was the 
same and his performance was accurate and smooth. But he never stopped to 
turn the crank in a single movement. The hook and handle box was opened two 
hours after it was presented and he did not do better on two additional trials. 
After two months he returned to his preoperative performance. He failed to 

open combination box A and the push-pull was not opened except when rod 4 
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alone was set. It seemed that the more complex the problem, the less likely he 
was to finish it. After two months his performance with the crank, hook and 
handle and push-pull boxes improved remarkably. 

Monkey 50-10 was deprived of his left orbitofrontal cortex after previous re- 
movals of the precentral, dorsal 6, supplementary areas and the right orbito- 
frontal cortex. No hyperactivity ensued in this case, possibly because of his 
previous motor ablations, but he seemed indifferent and more passive than 
before and did not make threatening movements. He became very silent and 
failed to engage in chattering with the other monkeys. 

When tested one month after operation his status had altered. He was able 


to do as well (or as badly) as he had before the second orbitofrontal area had 
been removed. 


DISCUSSION 


A. Precentral motor area ablations. In the retention of motor habits after pre- 
central ablations our results agree with the previous studies of Lashley (16) and 
of Jacobsen (11). On some of the latch boxes performance was comparable to 
that of normal monkeys. In others they differed from normals in the total num- 
ber of trials required to reach uniform performance or in the minimal time re- 
quired to execute the task. The degree to which precentral animals were able to 
compensate for their motor deficits varied with the task and with the relative 
motor deficits of right and left hands and with their success in substituting new 
movement patterns. One animal failed completely on the push-pull box. This 
apparently resulted from difficulty in using his hands in the trial and error fash- 
ion with which other animals tackled this problem, and from his inability to 
substitute another procedure as a consequence of the lack of insight into the 
problem which he shared with all monkeys. 

Monkey 50-74, with an uncomplicated precentral ablation, did not show 
further impairment of arm function on removal of the leg areas, and one may 
conclude that the leg areas do not contribute to arm function. This agrees with 
the lack of any real overlap revealed by threshold electrical stimulation (26) 
and with the fact that no arm movements were obtained in this animal 
on stimulation of the leg area after complete ablation of the arm area 
at the previous operation. 

Monkey 50-3 was outstanding among the precentral animals for her poor 
performance on the crank box. This is correlated with damage to the supple- 
mentary motor area, which in this animal was severe. The supplementary leg 
area was removed, and the arm portion was doubtlessly damaged. Her perform- 
ance on the problem boxes and life-saver bar was intermediate between 
a precentral and a complete precentral-supplementary preparation (see below). 

All precentral animals showed extreme impairment of their ability to catch 
rolling peanuts. Partial damage to the supplementary area did not seem to add 
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significantly to the difficulty. Failure of these animals to improve their perform- 
ance at the peanut slide is in contrast with their achievements with the latch 
boxes and the life-saver bar. The difference appears to be that the peanut slide 
provided a continuously moving stimulus and required more precise motor 
performance in temporal and spatial dimensions. A fraction of a second too 
long taken in a movement means failure to catch the peanut. In the problem 
boxes it may simply mean a longer time per trial, or the deficiency may be un- 
noticed because of an inadequate timing system. A similar slowness in executing 
fine movements of the fingers was determined by Travis (18) by measuring the 
speed with which these animals picked up raisins from a board. Though in this 
case the raisins were stationary, their size required accurately directed move- 
ments. Both these tests require finer motor control than do the problem boxes 
and for this type of control the precentral motor area is apparently necessary. 
There is no evidence in any of the tests that the precentral area is requisite for 
any intellectual function which might have been required for the performance 
of the tests. 

B. On the concept of a premotor area as a center for the elaboration of skilled 
movements. We have examined the question whether the so-called premotor 
cortex is essential for the retention and performance of learned skilled move- 
ments, defining as skilled movements the animal’s ability to learn to operate 
problem boxes such as have been used in similar previous studies. We have 
failed to find that all or any portion of the cortex, variously described as pre- 
motor, intermediate precentral, area 6 or area FB, is essential for the retention 
of these movements. The supplementary motor area, which is on the medial wall 
of the hemisphere and occupies at least a portion of the cortex which has been 
called premotor, plays a role in motor performance but, as yet, it can scarcely 
be considered an “association area” or an area for “higher order’”’ motor con- 
trols. With lesions of this area (50-79 and 50-149) there was difficulty in operat- 
ing the crank box, but the difficulty seems readily accounted for by the impair- 
ments of movement and posture and by the spasticity which resulted from these 
lesions. 

Removal of dorsal area 6 (as defined on p. 437) had no effect upon motor 
performance either when added to previous supplementary (50-79) or precen- 
tral (50-10) ablations or when made with minimal involvement of adjacent 
parts of the cortex (49-4 and 49-3). Nor did additional ablation of lateral area 
6 (50-79) have any effect. When “premotor” lesions also caused considerable 
damage to the precentral motor area and to the adjacent supplementary motor 
area (49-2 and 49-1) impairment .of performance on the tests was noted, but 
only during the period when there was considerable motor deficit. Similar but 
more marked deficits were noted following complete ablation of supplementary 
and precentral motor areas (50-3 and 50-10). There seems little doubt that the 
difficulties of performance which these animals exhibited can be attributed to 
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the neurological deficits of paresis, spasticity and postural adjustment which 
were present. They were always well oriented to the problem and showed no 
detectable evidence of an intellectual deficit. Even after complete bilateral re. 
moval of most of the cortex of the frontal lobe (50-10) deficit was not greater 
than after precentral plus supplementary ablations. 

A factor of importance in the results of postoperative tests in this study, as 
compared with others, was the fact that more time for recovery of residual 
motor ability was allowed. 

In one animal (50-150), with marked hyperactivity which developed after 
bilateral removal of orbitofrontal cortex, there was striking impairment of 
performance in simple problem boxes and complete failure to open more com- 
plicated ones. Nevertheless he greatly improved and two months after the oper- 
ation he finally succeeded in opening even the most complicated box, the push- 
pull. If the temporary deterioration of the motor performance in 50-150 was 
actually due to the hyperactivity which resulted after the orbitofrontal lesion, 
it would be of interest to determine whether the poor performance on the de- 
layed response test of the orbitofrontal preparation could be influenced by 
removal of the motor areas. 

It is of interest to note that 50-150, as a temporal lobe preparation, performed 
all the tests in a fashion comparable to normal animals. Kliiver (14) and Chow 
(5) have demonstrated, on temporal monkeys, great impairment of retention of 
visually mediated habits. The problem boxes are visual-kinesthetic-motor 
problems. Nevertheless we failed to find any deficit in this preparation. This 
observation is in agreement with Kliiver’s (15) results on a baboon with 
temporo-hippocampo-amygdalal removal. This animal had great difficulty in 
discriminating between a circle and a square but he could still solve a multiple 
stick problem. 


SUMMARY 


1. The relation of the “premotor” area to the retention and performance of 
learned skilled movements has been reexamined through study of 6 normal and 
11 experimental monkeys. 

2. The results have been related to recent findings on localization in pre- 
central and supplementary motor areas and to the neurological deficits pro- 
duced by ablating these areas. 

3. Analysis of the results fails to support the concept of a premotor area 
especially concerned with the elaboration and retention of skilled movements. 

4. All deficits produced could be accounted for on the basis of neurological 
disturbances resulting from injuries to the supplementary and the precentral 
motor areas. No deficit of skilled movements could be ascribed to lesions of 


area 6 apart from involvement of the supplementary and the precentral motor 
fields. 
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5. After bilateral precentral removal of arm and leg areas the animal shows 
striking failure in ability to pick up small moving objects. However, he retains 
ability to operate simple and complex problem boxes. On some of these his per- 
formance is as good as that of normal animals; on others performance is slowed. 

6. After supplementary motor area lesions the animals were especially handi- 
capped on the crank box, apparently because of impaired movements and 
spasticity in the proximal parts of the limbs. 

7. With combined lesions of precentral and supplementary motor areas the 
animals were severely handicapped by disturbances of posture, difficulties of 
movement and spasticity. Performance was slower than after the precentral 
lesions but the animals remained correctly oriented toward the problems and 
failed only on the crank box. 

8. No further deficit was produced by extending the lesions to include all of 
area 6 or most of the cortex of both frontal lobes. 

9. No deficits were found after lesions of somatic area II and the temporal 


neocortex. 
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THE EFFECT OF PREDNISONE IN THE TREATMENT OF 
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Numerous reports are currently being published about the functions of the 
two recently synthesized steroids, prednisone (delta-1-cortisone) and 
prednisolone (delta-1-hydrocortisone). On a weight basis they have been shown 
to have therapeutic potencies at least three times greater than their respective 
analogues, cortisone and hydrocortisone. More significantly, a very major 
advantage of the new agents over their precursors lies in their markedly di- 
minished tendency to cause potassium depletion, sodium retention, edema, 
or hypertension (1, 2). 

Such lack of cortisone-like effect on electrolytes was consistently observed 
in the course of a clinical investigation regarding the indicated use of 
prednisone’ for diverse disorders among twenty-nine patients. Three of them, 
with compensated heart disease, developed no semblance of edema during or 
after treatment. Furthermore, of thirteen who had associated cardiac edema, 
eleven surprisingly recorded significant diuresis and weight loss within the first 
four to seven days of taking the new steroid.‘ 

Thus, the case studies not only demonstrated that the drug could possess the 
expected advantage of prophylaxis against fluid retention, but they also sug- 
gested that it might have some therapeutic value toward diminution of pre- 
existing cardiac edema. It is interesting to note that Camara and Schemm (3) 
recently obtained somewhat similar negative water balance following the use 
of the more hazardous sodium-retaining corticotropin in some cases under 
treatment for congestive heart failure. 

This therapeutic concept regarding prednisone-induced diuresis might have 
been more valid if the agent had been employed entirely in decompensated 
cases which appeared to offer no indications for management with cortico- 
steroids. Similarly, that fact was not considered in the series of Camara and 
Schemm, which actually included eight patients with rheumatic heart disease. 
It was therefore decided to try prednisone as an adjunct in the treatment of a 
hopelessly refractory cardiac patient who had no known indication for adrenal- 
steroid therapy. 

! Assistant Clinical Professor of Medicine, University of Colorado School of Medicine. 

* Graduate Johns Hopkins University School of Medicine. 

3 The drug for this investigation was furnished as Meticorten” by the Schering Corp., 
Bloomfield, N. J. 
4 Tabulated data pertaining to the cardiac cases may be furnished on request. 
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Fic. la 
Fic. 1. Comparison of cardiac silhouettes. 
(a) 5-28-52, when decompensation was first evident. 
(b) 5-2-55, after patient had become completely refractory, just prior to the institu- 
tion of prednisone therapy. 
“a Note the marked increase of heart size, with prominence of right atrium, three years 
after the beginning of congestive failure. 


CASE REPORT 


J. P.—The patient is a 47-year old white male who, on April 9, 1943, at age 34, suddenly 
experienced excruciating substernal pain radiating down his left arm. No abnormal physi- 
cal signs were found, but the electrocardiograph findings led to the diagnosis of acute pos- 
terior myocardial infarction. Numerous previous examinations had never revealed hyper- 
tension, signs or symptoms of rheumatic fever, or any other vascular disorders. 
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Fic. 1b 


Subsequently recurrent attacks were recorded in December 1945, April 1946, and Janu- 
ary 1952. The respective electrocardiograms were interpreted as showing acute posterior 
infarction, posterior wall damage of undetermined age, and superimposed acute antero- 
septal injury. For each event he was hospitalized and treated by standard measures. At 
none of those times was he found to have any murmurs, arrhythmias, or signs of decom- 
pensation. 

Eventually, on May 17, 1952, he suffered his severest attack, and then for the first time 
he showed evidence of cardiac dilatation and decompensation. There were cyanosis, dyspnea, 
and hemoptyses of frank blood. The heart was slightly enlarged to the left (see X-ray of 
May 28, 1952 in Fig. 1), there was a periodic protodiastolic gallop rhythm, and a harsh 
grade IT systolic murmur was audible at the apex. The neck veins were engorged, there were 
coarse moist rales and wheezes throughout both lungs, and the liver edge was barely pal- 
pable. Serial electrocardiograms taken a few days apart were bizarre. In all of them the 
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rhythm alternated back and forth between normal sinus conduction, multifocal premature 
ventricular contractions, fusion beats, and all three degrees of A-V block. In succession the 
tracings demonstrated rapid change from left bundle branch block to normal intraventricu- 
lar conduction, to arborization block, to right bundle branch block. The patterns respec- 
tively suggested electrical disappearance of infarction changes, ventricular aneurysm, lateral 
extension of anterior wall damage, and finally reappearance of the residual posterior wall 
infarct. 

Treatment consisted of bed rest in semi-Fowler position, sedation, oxygen, slow digi- 
talization, low salt diet, daily orange juice, ammonium chloride, mercuhydrin injections, 
and quinidinization despite the intraventricular conduction defect. Compensation, regular 
rhythm, and disappearance of all abnormal signs resulted within two weeks. On maintenance 
of the diet, digoxin 0.25 mg. twice daily, and quinidine 180 mg. four times daily, he was 
steadily tapered from all other therapy and was able to undertake a sedentary occupation 
three months later. With that regime he remained comfortable for eight months, requiring 
only a rare injection of mercurial. 

However, by April 1953 congestive failure had recurred, and the patient was becoming 
progressively resistant to more frequent and larger doses of ‘“‘primed’’ mercuhydrin even 
when administered intravenously. On May 24, 1953 mercurials were abandoned and he was 
given one 250 mg. tablet of acetazolamide® on five successive mornings per week. This 
resulted in prompt diuretic response and return of compensation. However, to maintain 
the effect it was necessary to increase the dose gradually to two, and occasionally three, 
tablets on each of the five mornings. After four months of success, peripheral edema ap- 
peared and progressed. A change to ammonium chloride and frequent mercuhydrin injec- 
tions for a period of one month were of no avail. 

Examination on October 11, 1953 revealed moderate enlargement of heart to right and 
left, return of apical systolic murmur, fine rales in lung bases, tender liver edge 3 cm. below 
costal margin, and 2 plus edema of ankles and lower legs. Laboratory tests showed: Serum 
sodium 138 meq./l., serum potassium 4.51 meq./l., 24-hour urine chlorides 5.82 gms., urine 
pH 6.5 with no abnormality of the filtrate, BUN 24 mg. per cent, RBC 3,840,000, hemo- 
globin 11.5 gms., and cephalin flocculation 3 plus. Some of the data seemed to be consistent 
with a late hypochloremic type of low salt syndrome. Temporary abandonment of all 
diuretics, slight increase of dietary salt, and profound bed rest brought about only a modi- 
cum of relief. After two weeks of that schedule, he was treated with pendulum alternation 
of “primed” mercuhydrin for three days followed by Diamox® for three days of each week; 
this program resulted in marked diminution of peripheral edema. However, it was necessary 
to increase the dosage of both drugs. By such means, comfort and capacity for light work 
persisted for almost one year. 

In January 1955 the leg swelling became worse and was accompanied by pulmonary 
edema with marked orthopnea. Resumption of strict rest and of oxygen did not promote 
any diuresis. Periodic short courses of ferrous sulphate always overcame the mild anemias, 
but the elevated red blood cells never benefited the situation. Mictine, and later urea, were 
tried but were quickly abandoned because of ineffectiveness and the creation of severe 
nausea. A one-week trial with combined Diamox® and ammonium chloride was also of no 
value. Again the pendulum treatment with three days of mercuhydrin followed by three 
days of Diamox® was undertaken. Despite periodic administrations of the former intra- 

5 Acetazolamide was furnished as Diamox® by Lederle Laboratories, Pearl River, New 
York. 
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yenously and increase of the latter to occasional levels of 1250 mg. per morning, the pa- 
tient became steadily worse. He obtained relief only from chair sitting and use of bedside 
oxygen. 

Examination on April 22, 1955 showed extreme generalized failure. There were dyspnea 
in the sitting position, cyanosis, marked engorgement of neck veins, further enlargement 
of heart to right and left (see X-ray of May 2, 1955 in Fig. 1), all heart sounds muffled but 
with gallop rhythm at apex, a grade II rough apical systolic murmur, a grade II softer 
systolic murmur just to left of xyphoid— intensified by inspiration, blood pressure of 80/70, 
regular pulse of 88, coarse rales in extreme lung bases, tender systolically pulsating liver 
5 cm. below costal margin, palpable spleen 2 cm. below costal margin, distended abdomen 
with shifting dullness and fluid wave, 2 plus edema over sacrum, and 4 plus edema over 
entire elephantiasis-like legs. The electrocardiogram showed persistence of marked right 
bundle branch block. It was evident that the patient had increased cardiac dilatation with 
relative tricuspid insufficiency and anasarca. A twelve-day hospitalization for absolute rest, 
better oxygenation, continuation of maintenance digitalis and quinidine, and diminished 
use of diuretics failed to bring about any improvement. Oliguria persisted. With the in- 
creasing refractoriness to all therapy, the patient was considered to be in a terminal stage. 

Because of the previous observations in cardiac cases that diuresis generally followed 
the use of prednisone, administration of that agent was begun on May 16, 1955 in the small 
dose of 2.5 mg. three times daily. There was an immediate increase of urine output, which 
became especially pronounced after injections of previously ineffective mercuhydrin. The 
volume went as high as 8600 cc. in a 24 hour period. The early factual data pertaining to 
diuresis before and after use of prednisone are graphically demonstrated in Figure 2. Con- 
comitantly with the loss of edema, there was a steady diminution and eventual disappear- 
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Fic. 2. Case J. P. Data pertaining to diuresis just before and after the addition of predni- 
sone. The first day of record was April 1, 1955. The need for oxygen therapy was clinically 
parallel to the degree of pulmonary vascular congestion. Significant peak body weights 
are indicated numerically as pounds along the curve of urine volume. Mercuhydrin injec- 
tions were usually “primed” by ammonium chloride. For additional details and for the 
results of continued observations, see text of case report. 
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ance of all signs and symptoms referable to the myocardial failure. By the 32nd day after 
starting the new drug, the patient had no rales, dyspnea, cyanosis, hepatosplenomegaly, 
ascites, peripheral edema, hypotension, muffled tones, murmurs, or gallop rhythm. The 
decreasing use of oxygen was by then completely abandoned. 

He had recovered sufficiently to return to full-time light work on the 60th prednisone 
day. By January 20, 1956, the 250th day of continuous prednisone, he continues treatment 
with maintenance digitalis, quinidine, prednisone, and low salt diet with added potassium 
chloride and increased protein,—but he does not require oxygen. He takes no diuretics 
other than 250 mg. of Diamox® approximately twice weekly, and his urine output averages 
1600 cc. per 24 hours. His daily weight averages 144 pounds. Although his electrocardio- 
gram is unchanged and his cardiac silhouette still shows no diminution of size, he clinically 
remains well compensated, and he has progressively increasing tolerance for work. 


DISCUSSION 


The decision to try the addition of prednisone to the treatment of this case 
with refractory anasarca was based primarily upon the observation that the 
same steroid had appeared to induced diuresis in others with cardiac edema. 
Initially there was some trepidation that the drug could contribute to harmful 
breakdown of scarred tissue in healed areas of the patient’s myocardium. How- 
ever, that was overcome essentially by the revelation that previous controlled 
studies with the use of cortisone for experimentally created myocardial infarcts 
had failed to show any aggravation of the induced cardiac pathology (4, 5). 

Any attempt to explain the dramatic response in the detailed report of 
patient J. P. must include consideration of many physiologic facts already re- 
ported or discussed in the voluminous literature about the functions of adrenal 
cortico-steroids. These may be grouped ito (a) direct effect on myocardium, 
(b) extra-cardiac benefits contributing to improvement of cardiac function, 
and (c) effects tending to create diuresis. 

In the first category, Dorfman (6) making comparative animal studies of 
the several biologically active adrenal steroids, showed that only hydrocortisone 
and cortisone produced high and significant effects on glycogen deposition and 
muscle work capacity; prednisone was not then available for inclusion in the 
experiments. Goodman and Gilman (7) indicate that the steroids may improve 
muscle function by mobilization of glucose for energy rather than by any 
specific effect on electrolytes; this is in keeping with the clinical experience 
that the steroids under discussion are superior to desoxycorticosterone for over- 
coming the asthenia of Addison’s disease. The implication here is that cardiac 
muscle could have the same responsiveness as the structurally and biochemi- 
cally similar striated muscle studied in the aforementioned reports. Finally, 
because of the well-known ability of adrenal steroids to alter collagen tissue, 
it should be realized that myocardial infarcts tend to be organized with the 
formation of collagen (8), and that drug-induced dissolution of such excess 


fibroblastic reactivity might possibly allow better contractility of heart muscle 
fibers. 
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| day after In the second group, there are several extra-cardiac responses which could 
nomegaly, § indirectly offset impairment of cardiac function. First, the usual tendency 
thm. The of the drug to create euphoria and increased appetite often promotes general 
rednisone or apparent clinical improvement in many critical situations. More specifically, 
reatment the cortico-steroids can stimulate erythropoiesis when anemia exists (1), and 
otassium with it there could result an increase of oxygen-carrying capacity for better 
diuretics nourishment of an ischemic heart. Also the frequency of corticogenic hypo- 
averages thyroidism has long been known (9), and it is now generally accepted that 
lowered metabolism can decrease the work load for patients with advanced 
heart disease. Lastly, the adrenal steroids can help overcome impaired pul- 
monary ventilation. The most recent publication on the subject is that of 
Bickerman, et al. (10) who employed prednisone for the treatment of pulmonary 


is Case fibrosis. It is interesting that they coincidentally observed significant diuresis 
lat the in three cases of cardiac insufficiency which had not been treated with previous 
edema. cortisone. They attributed the water loss solely to the relief of hypoxia, and 
armful they presumed that diuresis would not occur if there be normal diffusion of 
, How- oxygen from lungs to tissues. However, one cannot overlook the possibility 
trolled that increased alveolar transport of oxygen could result in decreased burden 
ifarcts to overtaxed or ischemic heart muscle, even in the absence of a pulmonary 
5). disorder. 
ort of Finally, most difficult to evaluate is the observed diuresis which is the major 
ly re- topic of this report. Many factors may be contributory. After administration 
renal of corticotropin to normal subjects, Earle and his co-workers (11) found eleva- 
lium, tion of glomerular filtration rates to account for increased excretion of urinary 
ction, sodium and water. Additional suggestion of a direct renal effect arose from the 
creation of pronounced diuresis after administration of ACTH or cortisone in 
es of the treatment of the nephrotic syndrome (12, 13). However, extra-renal factors 
isone also had to be considered. Birnie, e¢ al (14) found that the blood level of an 
and antidiuretic substance in rats could not be elevated by adrenalectomy when 
| the cortisone was given. Forsham and Thorn (15) state that cortisone and hydro- 
rove cortisone antagonize the water-retaining effect of posterior pituitary vaso- 
any pressin. Based primarily on the hypothesis that adrenal cortex activation might 
nce inhibit a desoxycorticosterone-like antidiuretic agent, Camara and Schemm 
ver- (3) courageously administered corticotropin to cases with resistant congestive 
liac heart failure. Not merely were their results similar to those experienced by 
mi- nephrotics who had received the same drug, but they also made the surprising 
lly, observation that some of the patients developed a restoration of diuretic 
sue, response to previously ineffective mercurials. 
the Since the discovery of prednisone and prednisolone, the numerous reports 
ess about their variable and superior functions have not yet included any detailed 
cle study pertaining to their possible role in aiding diuresis. As previously indi- 


cated, that function appeared as a striking coincidence in the present series of 
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cases with associated edema. In an early report Kinsell, et al. (16) had men- 
tioned in a footnote that after using the new drug, “sodium diuresis, rather 
than sodium retention may be encountered at times.” In the same conference 
Seldin (17) stated that large doses of Meticorten®, in common with other ad- 
renal steroids, can cause diuresis as a result of cellular breakdown which 
liberates increased potassium, sodium, chloride, and nitrogen in the urine. It 
is tempting, although premature at this time, to offer a theory regarding one 
possible mechanism that could lead to the diuretic effect. In some patients 
with heart disease there may be an excess of aldosterone in the urine, and when 
this is so, the kidney is retaining sodium and the body is accumulating edema 
fluid. In patients with nephrosis, the aldosterone output is decreased after 
treatment with ACTH or cortisone when the diuresis later ensues (18). It is 
herewith postulated that in some individuals with cardiac failure prednisone 
might act similarly, and that its increased potency might quickly suppress 
output of adrenal cortex steroids, the latter including an antidiuretic agent 
such as aldosterone. 

Practically all of the factors listed in this discussion are at present uncon- 
firmed or controversial, and they should not yet be accepted as actual explana- 
tions for the abolition of refractoriness to cardiac treatment. Nevertheless, 
the dramatic success following the use of prednisone as experienced in the 
above situations is at least thought-provoking. In most respects it conforms 
with the results of the earlier work done by Camara and Schemm along similar 
lines. However, it appears that prednisone should be safer, faster, and more 
reliable than the corticotropin they used. It is felt that the current findings 
merit investigation of the drug in a large number of well-selected cases, with 
adequate controls and with laboratory data pertaining to electrolytes, renal 
function, pulmonary ventilation, and hormone assays. Until then, the present 
data are offered merely as provocative observations. 


SUMMARY 


1. Prednisone, when used in a series of patients who had associated cardiac 
decompensation, not merely lived up to its expectations for preventing ag- 
gravation of the edema state, but it also seemed to promote beneficial diuresis. 

2. Because of that finding, the apparently non-indicated drug was added to 
the treatment of a patient who had multiple myocardial infarctions and who 
had developed a hopelessly refractory anasarca. This was followed by im- 
mediate potentiation of diuretic medications, rapid loss of edema, and restora- 
tion of cardiac compensation. 

3. The factors responsible for such a result may be numerous, but they are 
as yet merely speculative. It is suggested that the present observations alone 
warrant future extensive investigation regarding the possible value of 
prednisone in the management of some cases with refractory cardiac edema. 
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STAPHYLOCOCCAL ENTEROCOLITIS IN CHINCHILLAS! 


J. SUMNER WOOD, JR., IVAN L. BENNETT, JR. anp JOHN H. YARDLEY 
The Department of Pathology and the Biological Division of the Department of Medicine, 
The Johns Hopkins University School of Medicine 
Received for publication March 1, 1956 


Pathologic lesions of the gut, consisting of shallow ulcerations and pseudo- 
membrane formation have been described in association witha variety of human 
diseases. In recent years, however, interest has centered upon “pseudo-mem- 
branous enterocolitis” associated with overgrowth of the intestinal flora by 
pathogenic staphylococci (1, 2). This disease, manifested by profuse diarrhea 
and peripheral vascular collapse, often fatal, has been recognized with increas- 
ing frequency as a probable complication of the administration of various 
antimicrobial drugs, in particular the so-called “broad-spectrum’’ antibiotics 
(3). Several factors have been thought to play a part in the pathogenesis of 
this disorder, including abdominal surgery (4, 5), previous hypotension (6), 
and thrombosis of submucosal vessels (7). However, a consistent finding has 
been the presence of increased numbers of hemolytic staphylococci in the in- 
testinal contents and these organisms have proved almost invariably to be re- 
sistant to the antibiotics that the patient had been receiving. 

During investigations of an outbreak of fatal diarrheal disease in a com- 
mercial colony of chinchillas, the finding of multiple enteric ulcerations with 
pseudomembrane formation led to bacteriologic studies. It was demonstrated 
clearly that the lesions were associated with overgrowth of the intestinal flora 
by hemolytic Staphylococcus aureus in animals fed for many months on pellets 
containing chlortetracycline. 

The present communication describes the bacteriologic and pathologic as- 
pects of this disease in chinchillas as well as the results of certain therapeutic 
and preventive measures. 

Background—The chinchilla (Fig. 1), valuable commercially for its fur, is 
apparently susceptible to a wide variety of diseases, few of which are well 
understood. Both diarrhea and obstipation are well-known to commercial 
breeders as hazards in these animals (8), but seldom have systematic investi- 
gations been attempted. Treatment or prophylaxis of enteritis has been largely 
empirical, based on supposed dietary factors or, frequently, suspected infection 
with enteric pathogens of the Shigella, Salmonella or Pseudomonas groups. Many 
protozoan and helminth parasites have also been described (8, 9). 

The present study was carried out in a colony of about 450 chinchillas. Ac- 
cording to the owners, more than 50 animals had died during the preceding 6 

Aided by Grant A-660 of the National Institute of Arthritis and Metabolic Diseases, 
U. S. Public Health Service. 
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Fic. 1. Healthy male chinchilla. 


months with a characteristic symptom-complex. Previously healthy animals 
became lethargic, preferring to sit quietly with heads bowed, in striking con- 
trast to their typical, alert attitude and almost constant activity. This was 
followed by refusal of feed and water and the development of diarrhea with 
frequent small liquid or semi-liquid stools, occasionally containing streaks of 
blood. Within 12 to 36 hours, affected animals became unresponsive, went into 
“shock” (as evidenced by cold ears and cyanosis of the mucous membranes), 
and died quietly. 

This train of events was said to be well-known to other chinchilla breeders 
in the area and was referred to as “sudden death’’. [t was not uncommon for 
apparently healthy animals to be found dead within a few hours with evidence 
of diarrhea as the only clue to etiology. 

Further inquiry revealed that for the preceding 18 months the colony of 
animals under investigation had been fed a commercial pellet containing ap- 
proximately 0.2 mg. of chlortetracycline per ounce. When questioned, the 
owners stated that “sudden death” with diarrhea had not been a problem 
before adoption of this dietary regimen. They further volunteered the informa- 
tion that shortly after the feeding of pellets of this type had begun, they had 
observed and commented upon the fact that the droppings of the majority of 
the animals in the colony had changed in character, becoming softer in con- 
sistency and blackish-brown instead of the usual olive-green or brown pre- 
viously noted. 

Post-mortem findings—During a period of two weeks, five animals in the 
colony developed typical manifestations of lethargy and diarrhea, refused to 
eat or drink, and died within 12 to 36 hours. Autopsies were performed on four 
of these animals and revealed strikingly similar findings. 

With the exception of the presence of liquid fecal material in the gut, no 
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Fic. 2. Typical mucosal ulceration with overlying pseudomembrane in colon of chin- 
chilla. Large clumps of cocci can be seen in the pseudomembrane. (Hematoxylin and Eosin, 
X 250). 


gross abnormalities were present. Microscopic examination of histologic sec- 
tions from the large intestine showed multiple areas of focal necrosis in the 
mucosa and shallow ulcerations covered by a pseudomembrane composed of 
fibrin, mucosal and inflammatory cells, many of which were degenerating, and 
mucus (Fig. 2). Similar, but less extensive, lesions were seen in occasional 
sections of small intestine. There were accumulations of polymorphonuclear 
leukocytes and many mononuclear cells in the submucosa, but none of the 
ulcerations extended beyond the lamina propria (Fig. 3). The muscularis and 
serosa were intact. The lesions corresponded closely to those observed in 
human cases of staphylococcal pseudomembranous enterocolitis (see Figs. 
4 and 5). Bacterial staining of representative sections revealed myriads of 
Gram-positive cocci in huge clumps. In many areas, no Gram-negative bac- 
teria could be found. No parasites or fungi were seen. There were no lesions 
of significance in the microscopic sections of lung, kidney, spleen, stomach, 
liver, adrenal and pancreas. 

Bacteriologic findings in autopsied animals—Antemortem stool cultures 
from four animals and throat cultures from two were inoculated onto desoxy- 
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Fic. 3. Details of pseudomembrane covering mucosal ulcers in colon of chinchilla. (Hema- 
toxylin and Eosin, X 150.) 


Fic. 4. Characteristic mucosal ulceration and pseudomembrane in a fatal human case of 
staphylococcal colitis that developed during treatment with multiple antibiotics (Autopsy 
No. 26180). (Hematoxylin and Eosin, X60.) 
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Fic. 5. Details of pseudomembrane shown in Fig. 4. (Hematoxylin and Eosin,.) x 200 


cholate agar, S-S agar, blood agar and PEA (BBL) agar. All showed profuse 
growth of hemolytic Staph. aureus on blood and PEA plates. Although oc- 
casional colonies of Proleus, Pseudomonas, and enterococcus were seen, or- 
ganisms of the coli-aerogenes group were rarely seen. From none of the fecal 
specimens were bacteria of the genus Shigella or Salmonella grown. 

Post-mortem cultures of intestinal contents again showed almost pure 
growth of Staph. aureus from all animals. However, two cultures of heart blood 
and one from lung were bacteriologically sterile. 

The results of cultural studies of these four animals are summarized in Table 
I, which includes the results of stool culture from the fifth animal that died, but 
was not autopsied. 

Further observations, including therapy—On the basis of (a) the finding of 
intestinal ulcerations, pseudomembrane formation and Gram-positive cocci in 
histologic sections and (b) the recovery of Staph. aureus from intestinal and 
throat cultures, inquiry was made into the possibility that animals in the 
colony had ingested some antibiotic. Antibiotic medication of any type was at 
first denied by the owners, but further investigations revealed, as mentioned 
above, that for more than a year these chinchillas had been fed pellets contain- 
ing small amounts of chlortetracycline. 
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TABLE I 
Bacteriologic Findings in Five Animals Dying with Staphylococcal Enterocolitis 
Cultures 
Animal Sex Age Diarrhea Antemortem Postmortem 
Stool Throat Stool Lung Blood 
months 

F-1 F 14 Present HSA HSA HSA 0 ND 
F-2 M 6 Present HSA ND HSA ND 0 
F-3 M 8 Present ND ND HSA ND ND 
F4 M 6 Present HSA ND HSA ND ND 
F-5 M 4 Present HSA HSA HSA ND 0 


Autopsy was performed on all animals except F-3. 
HSA: Massive growth of hemolytic Staphylococcus aureus (occasional Proteus, Pseudomonas, 
enterococcus; rare coliforms). ND: Not done. 0: No growth. 


Seven strains of staphylococci isolated from diseased animals were tested 
for susceptibility to a number of antibiotics using a “tube-dilution” technique. 
Aliquots of a diluted 18-hour broth culture of each organism were added to 
tubes containing serial dilutions of antibiotics in broth. The highest dilution 
showing no turbidity after incubation for 24 hours at 37°C. was taken as the 
“bacteriostatic” end-point. In addition, with four of the strains tested, cul- 
tures from tubes showing no turbidity were made on blood agar plates in order 
to establish a “bactericidal” end-point. The results of these studies are shown 
in Table IT. All strains were sensitive to penicillin and erythromycin and some 
degree of susceptibility to neomycin and bacitracin was also evident. The 
results with tetracycline and chlortetracycline indicated resistance of a degree 
that would be considered therapeutically significant in only two instances. 

With this information at hand the following regimen was adopted in an 
attempt to prevent the occurrence of “‘sudden death”’: 

(1) All animals were changed to a diet of pellets of similar nutritional content 

containing no antibiotics. 

(2) Antibiotics were added to all drinking water for a four-day period. 
The drugs used were neomycin in a concentration of 50 units/ml. and 
bacitracin, 25 units/ml. Because blood cultures had shown no growth 
and no evidence of systemic invasion by staphylococci was found at 
autopsy, it was felt that these drugs were suitable. Neither is appreciably 
absorbed from the gastrointestinal tract; both would be present in the 
gut in concentrations great enough to destroy most of the staphylococci 
present and, presumably, accelerate return of intestinal flora to normal. 

Before institution of this program, rectal swab cultures were obtained from 
six normal animals and three with diarrhea of recent onset. Five days later, at 
the end of the period during which neomycin and bacitracin had been added to 
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TABLE II 
Antibiotic Sensitivities of the Staphylococci Isolated from Intestinal Contents of Chinchillas with Diarrhea 
Strains of Steph. aureus 
Drug 
S-1 $-3 s4 | Ss $6 S-7 
P illi 
(units/ml.)....... 0.5/0.5 0.2/1.0 |1.0/250 (0.2/0.5 | 1.0/ND 1.0/ND | 0.5/ND 
Erythromycin 
(megm./ml.)..... 0.5/20 (0.2/50 (0.2/100 |0.2/10 1.0/ND 1.0/ND | 0.2/ND 
Tetracycline 
(megm./ml.)..... 0.2/50 | 5.0/ND | 100+/ND | 0.2/ND 
Chlortetracycline 
(mcegm./ml.).. . . .|0.2/20 0.2/100-+- 50/100+|0.2/20 10/ND | 100+/ND | 0.2/ND 
* Chloramphenicol 
(megm./ml.).....| 20/100+)} 20/100+| 10/100+| 10/100+| 10/ND 10/ND | 10/ND 


Seer. 0.2/0.2 |5.0/20 20/20 10/20 20/ND 10/ND | 5/ND 


10/20 |5.0/20 (|0.5/20 /|1.0/20 5.0/ND 5.0/ND | 1.0/ND 
Spiramycin 

(mcgm./ml.)..... 50/100+-| 20/100+-| 50/100+-)| 20/50 50/ND 50/ND | 20/ND 
Amimycin (mcgm./ 

5.0/100 5.0/ND 5.0/ND | 5.0/ND 
Streptonivicin 


(mcegm./ml.)..... 0.2/50 (0.2/5.0 |1.0/100 {1.0/5.0 | 1.0/ND 0.2/ND | 1.0/ND 


Eighteen-hour broth culture of test organism diluted 10-* and inoculated in tubes containing 
serial dilutions of antibiotics. After incubation at 37°C. for 24 hr., first tube showing no turbidity 


ae taken as “bacteriostatic” endpoint (shown as numerator). Tubes showing no turbidity were cultured 
6 on blood-agar for strains S-1 to S-4 and first dilution giving no growth taken as “bactericidal” 
"> endpoint (shown as denominator). 


ND: Not determined. 


* Strain S-2 was isolated from animal C-2 (Table III) before treatment. 


TABLE III 

Bacteriologic Findings Prior to and After Completion of Therapy with Neomycin and Bacitracin 
Sag Stool Cultures 
aa Animal Diarrhea Remarks 
Before | After 

C-1 Present HSA NF Diarrhea improved; survived 

C-2 Present HSA* HSAj{ | Diarrhea improved slowly; survived; culture 

normal 20 days later 

C-3 None NF NF 

C-4 None NF ND 

C-5 None NF ND 

C4 Present HSA NF Diarrhea improved; survived 

C-7 None NF NF 

C-8 None NF NF 

Cc-9 . None NF NF 


Animals received neomycin 50 units/ml. and bacitracin 25 units/ml. in drinking water for 4 days 


between cultures. 


HSA: Hemolytic Staphylococcus aureus predominant. NF: Normal flora (mixture of coliform 
organisms and enterococci). ND: Not done. 

* See strain S-2, Table II. 

+ This organism was resistant to 100 units/ml. of neomycin and bacitracin. 
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the drinking water, rectal cultures were again collected from four of the normal 
chinchillas and from all three with diarrhea. 

As can be seen in Table III, hemolytic staphylococci predominated in cul- 
tures taken prior to treatment from the animals with diarrhea. In contrast, 
cultures obtained from well animals grew a mixture of Gram-negative bacilli, 
occasional enterococci, but no staphylococci. 

After therapy, although diarrhea had almost subsided in the sick chinchillas, 
staphylococci persisted in large numbers in the stool of one (No. C-2). It is 
interesting to note that these organisms proved to be resistant to both neo- 
mycin and bacitracin in concentrations of 100 units/ml. All three of these 
animals survived and rectal swab culture obtained 20 days later from No. C-2 
showed only normal flora. 

Five days after completion of the course of neomycin and bacitracin, nine 
additional animals from the colony were cultured at random; in none were 
staphylococci isolated. 

There were no evident ill effects from the administration of neomycin and 
bacitracin. For a number of days after the change in diet, occasional animals 
became constipated. This is apparently common among chinchillas and is 
quickly detected from the character of the droppings and by abdominal palpa- 
tion. The administration of a laxative containing phenolphthalein was effective 
in relieving all cases. 

Within one month, the stools of all animals reverted to an olive-green or 
brown color and were of firm consistency. At the time that this report was 
written there had been no recurrence of ‘“‘sudden death” in the colony. 


DISCUSSION 


The fatal enterocolitis characterized by mucosal ulceration, pseudomem- 
brane formation, and overgrowth of intestinal flora by hemolytic staphylococci 
observed in this colony of chinchillas bears a striking resemblance to the in- 
testinal complications in some human subjects given antibiotics, particularly 
tetracycline derivatives. 

A causal relationship of the small amount of chlortetracycline in the diet 
to the occurrence of intestinal lesions in these animals has not been established 
conclusively by the present study. However, several considerations render 
probable the conclusion that ingestion of this drug in tiny doses over a period 
of months brought about changes in intestinal microflora favoring multiplica- 
tion of staphylococci. 

(a) The abrupt termination of the disease in the colony when chlortetra- 
cycline was eliminated from the diet is noteworthy. This occurred despite 
failure of a brief course of bacitracin and neomycin to eliminate staphylococci 
from the stools of all animals (see animal C-2, Table ITI). 

(b) Human cases of staphylococcal enterocolitis have been described after 
administration of antibiotics in “therapeutic” doses, levels that far exceed the 
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“nutritional” doses of these drugs now included in many types of domestic 
animal feed and in the pellets received by the chinchillas of this colony. How- 
ever, the evidence accumulated from extensive studies indicates that beneficial 
effects on gestation, enhancement of growth, etc. observed in domestic animals 
given “nutritional” doses of antibiotics are due to “favorable” changes in 
intestinal flora resulting from the antimicrobial action of these drugs (10, 11). 
Furthermore, it is now well-recognized that the overgrowth of ‘“‘unfavorable” 
microflora in certain environments can not only obviate expected benefits 
but, if pathogenic species multiply, can lead to the occurrence of frank disease 
when antibiotics are fed to animals (12). In this connection, two aspects of the 
feeding of antibiotics to chinchillas are of interest. Although experiences with 
other animal species make it reasonable to suppose that feeding antibiotics 
might be nutritionally beneficial in the chinchilla, the authors have been unable 
to find records of controlled studies of the effect upon growth, etc. of feeding 
these drugs in this animal. Secondly, in most domestic animals, antibiotics 
are fed for relatively brief periods to enhance early growth, to fatten for market- 
ing, etc. In chinchilla raising, however, a majority of animals are kept year 
after year for breeding purposes and there is, as yet, no large annual turnover 
of marketable stock, so-called “‘pelters”. This empirical practice of feeding anti- 
biotics on a continuous, long-term basis may offer unusual opportunities for 
“superinfection” to occur. 

A thorough search of published reports as well as communication with 
numerous laboratories of veterinary pathology and animal nutrition has 
failed to reveal any previous description of staphylococcal enterocolitis in 
animals. It is possible that the disease has occurred but has gone undetected 
because of the absence of macroscopic lesions or failure to employ proper cul- 
tural methods. On the other hand, the present authors may have been dealing 
with a unique situation in this chinchilla colony (such as the introduction of 
unusually virulent staphylococci into the environment at an inopportune time). 
A planned cultural survey of nasal flora among caretakers in this colony was 
abandoned when it was learned that the establishment was open daily to visits 
from the public. 

Although another culturally proven instance of staphylococcal enterocolitis 
has recently been observed at autopsy in an animal from another chinchilla 
colony, also fed on pellets containing chlortetracycline, there are no data to 
indicate the true incidence of this disorder in these animals. It is entirely 
possible that the term “sudden death” has been applied by local breeders to a 
variety of diseases both before and after the practice of adding antibiotics to 
diets was begun. No systematic survey of chinchilla farms has been under- 
taken by the present authors and none is planned. 

Finally, should production of this disease under controlled experimental con- 
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ditions prove to be feasible, the information obtained could be expected to 
have value in prevention or control of its human counterpart. 


SUMMARY 


The occurrence of pseudomembranous enterocolitis associated with over- 
growth of intestinal flora by hemolytic Staph. aureus in chinchillas is reported. 
This is believed to be the first description of this disease in animals. Its striking 
resemblance to staphylococcal enterocolitis in humans after administration of 
antibiotics is pointed out. Reasons are cited for attributing the disease in 
chinchillas to the feeding of chlortetracycline in small amounts for “nutri- 
tional” purposes over a period of many months. 
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THE TIRED ARM SYNDROME 


A Common ConpiTION MAnIFEst BY NOCTURNAL PAIN IN THE ARM AND 
NUMBNESS OF THE HAND 


FRANK R. FORD 
Associate Professor of Neurological Medicine, The Johns Hopkins University School of Medicine, 
Neurologist-in-Charge, The Johns Hopkins Hospital 
Received for publication March 15, 1956 


I became interested in this condition during the last World War when I 
saw a number of patients who had the characteristic symptoms. I had seen 
only a few such patients previously. At the same time I encountered numerous 
patients with writer’s cramp, restless legs and head-movement vertigo. 

The essential symptoms are always the same. The patients complain of 
aching, throbbing pain in the arm, especially the forearm, which resembles a 
toothache. This develops at night and often awakens the patient from sleep. 
In some cases the patient thinks that walking the floor gives relief but shortly 
after returning to bed, is troubled by the pain once more. At the same time, 
the hand gets numb. In the morning the hand feels stiff and must be massaged 
before it can be used. During the day the patient notices little or no pain. 
Numbness does not develop spontaneously, but holding a book or any other 
act which requires a sustained grip will induce numbness promptly. This numb- 
ness disappears as soon as the hand is exercised or massaged. The right arm 
is involved in right-handed individuals and the left arm in left-handed persons. 
In some instances both arms are affected but the dominant arm is always more 
severely involved. Most of my patients are females of middle age though some 
young women are seen. 

The neurological examination is always negative. There is never any atrophy 
or weakness of the muscles. Sensibility is intact and the reflexes are in order. 
There is no evidence of the hyperabduction syndrome. The pulses are strong 
at the wrist and no vasomotor abnormalities are found. Roentgenograms of 
the cervical spine reveal no evidence of herniation of a cervical intervertebral 
disc or bony proliferation which might cause the symptoms. There is no cervi- 
cal rib or anomaly of the thoracic outlet. 

The cause of this syndrome seems to be excessive muscular exertion, espe- 
cially unusual exertion. In most instances my patients have been housewives 
who lost their maids during the war and were forced to wash, sweep, cook and 
perform other household duties all day long. The wife of one of my friends who 
had two smal] children and was a meticulous housekeeper, developed symp- 
toms repeatedly whenever she was deprived of the services of a maid. One un- 
fortunate woman, the wife of a dairy farmer, had continuous symptoms during 
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a period of 30 years. This patient did all the housework with washing and 
cooking and in addition helped to wash the milk cans and milk the cows. She 
was busy from dawn to dusk every day. All night her right arm, which was 
extremely strong and muscular, ached and her hand was numb. One patient, 
whose case is given in abstract below, gets symptoms twice a year when she 
does her semi-annual house cleaning. Painting the house and moving into a 
new house may be mentioned among the causes. Bowling and riding a horse 
with a tough mouth may be responsible. Enthusiastic gardening was the cause 
in one case. Working at a machine in a factory in such a way that one arm is 
used many times a day may produce this condition. 

I believe that this condition occurs in all of us when we put excessive and 
unusual strain on our muscles. It is possible that some individuals may be 
more prone to this condition than others, however. In most instances the pa- 
tient soon recognizes the connection between the symptoms and the fatigue 
and takes proper measures to get relief. Few seek medical advice. 

The pathogenesis of this condition is not clear, but it is of interest to men- 
tion a somewhat similar syndrome known as shin splints. It is well known that 
young athletes, especially track men, who start training too vigorously are 
prone to develop pain, tenderness and swelling of the anterior tibial muscles. 
Such symptoms pass off in a few days as a rule. It has been suggested that 
these symptoms may be due to the accumulation of metabolites in the muscles. 
Possibly the tired arm syndrome may be a result of the same process. Possibly 
careful measurements of the arm when symptoms are present would reveal 
swelling of the muscles. If the numbness of the hand represents a real disturb- 
ance of sensibility and is not merely a misleading description of stiffness of 
the muscles, it is hard to explain. One might imagine that swelling of the mus- 
cles beneath the antibrachial fascia might cause some compression of the nerves 
or blood vessels. The fact that there is never any evidence of nerve root damage 
even after the symptoms have been present for many years, seems to be very 
strong evidence against the possibility that the symptoms are neurogenic. 

The only treatment required is rest. In most instances this is satisfactory and 
the symptoms disappear within two weeks. The advice to rest is not always 
sufficient, however. Obviously some patients have to work hard to make a 
living and cannot afford to rest. In others restlessness and nervous tension 
make it impossible for them to relax and they keep busy even when they have 
nothing to do. In some instances an obsessive desire for cleanliness drives 
them on. Sensitive neurotic patients may exaggerate their symptoms and keep 
them alive with their fears. It is important to explain the symptoms clearly 
and reassure the patient fully. Sedatives at night to secure a deep restful sleep 
may be helpful. I have seen patients who have had cervical sympathectomy 
without relief and others whose symptoms persisted after a scalene muscle 
was sectioned. 
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The prognosis is good so far as the possibility of persisting disability is con- 
cerned. Even in patients who have had symptoms for many years, there is 
never any loss of function. 


Case History: A left-handed woman of 46 years, has been subject to pain in her left arm and 
numbness of the left hand twice a year for 8 years. The pain develops every year when she does 
her semi-annual house cleaning. 

Mrs. L. G., a woman of 46 years, states that twice a year for eight years she has had 
pain in her left arm and numbness of the left hand. These symptoms always develop when 
she does her semi-annual house cleaning. She lives in a large apartment with ten rooms and 
twice a year scrubs the walls, ceilings and floors. She is very particular about having every- 
thing spotless. After this period of excessive activity, her arms ache at night so she can’t 
sleep and must walk the floor. During this time her hands get numb during the night and 
also during the day when she grasps an object firmly for more than a few moments. Such 
symptoms last for about two weeks after the house cleaning is finished. It should be men- 
tioned that she is left-handed. 

The patient’s daily routine is a busy one. She does her housework and the cooking and 
helps her husband in the grocery store in the evenings and on week-ends. 

Recently the patient gave up her apartment and moved to a trailer. This promised to 
make things easier for her. Unfortunately the trailer was heated by an oil burner and every- 
thing was covered with oily soot so she had to scrub more than ever. Her symptoms have 
returned and are worse than ever before. Recently she has had cramps in her legs at night. 

The patient is going through the menopause. She is worried about the fact that her 
husband’s business is declining for the chain stores are offering increasing competition. She 
is worried about her son who is in the Air Force. She has begun to fear she may have some 
serious trouble in her left arm and may be about to develop paralysis. 

I may say very briefly that neurological examination is quite negative. There is no weak- 
ness of the left arm or hand and no wasting of the muscles. The reflexes are in order and 
there is no sensory loss of any kind. Several callosities are found on the palm of the left 
hand and fingers. The hand is warm and of proper color. The pulses are strong and are not 
reduced by elevation of the arm or by any movement of the head. Roentgenograms of the 
cervical spine reveal nothing significant. This patient was seen in consultation with Dr. 
Robert Mason. 
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MECHANISMS OF AIRWAY OBSTRUCTION IN PULMONARY EMPHYSEMA 


H. B. Martin, E. J. M. CAmpsBett anp R. L. RiEy 


In three normals, three cases of bronchial asthma during attack, and five cases of pulmo- 
nary emphysema, pulmonary airway resistance was determined by means of a pneumo- 
tachogram for airflow measurement and esophageal balloon for estimating intrapleural 
pressure. Alveolar pressure was calculated from esophageal pressure by adding the pressure 
resulting from the elastic retractive force of the lungs as determined at moments of no air 
flow. During quiet inspiration the mean values of airway resistance (alveolar-mouth pressure 
difference divided by rate of airflow) for these groups were respectively: 1.7, 16.1, and 6.6 
cm. H,O/liter/sec. at flow rate of 0.5 liter /sec. 

When measurements of esophageal pressure and air flow were determined while the 
subject made a maximal forced expiratory effort, it was found that esophageal pressure 
continued to rise after flow rate reached a peak. The increase in esophageal pressure was 
associated with an almost equal increase in alveolar pressure since lung volume, and hence 
lung elastic retractive force, changed very little in the brief interval before flow rate reached 
its peak. The continued increase in alveolar pressure without a corresponding increase in 
air flow indicated a marked increase in resistance after peak flow occurred. The esophageal 
pressure at which flow rate reached its peak was designated the maximum effective expiratory 
pressure. Mean values of this for the normals, asthmatics and emphysema patients were 
respectively: 45, 26, and 9 cm H,O. 

The sharp increase in airway resistance at esophageal pressures in excess of the maximum 
effective expiratory measure was attributed to forces tending to narrow the airways. Theo- 
retical analysis suggests that the pressure surrounding many of the airways may exceed the 
pressure in the lumina under these circumstances. Two factors tend to increase the likeli- 
hood of such unfavorable transmural pressure relationships. First, any narrowing of the 
airways due to pathological changes or to bronchospasm increases the pressure gradient 
along the airway and decreases intraluminal pressure in relation to alveolar pressure. This 
increases the likelihood that the pressure surrounding the airways will exceed that in the 
lumina and hence cause further narrowing. Second, any decrease in elastic retractive force 
of the lung, causing intrapleural pressure (and hence pressure surrounding the airways) 
to be more positive in relation to intraluminal pressure, makes narrowing more likely. 

The resistance during quiet inspiration when the forces tending to narrow the airway 
were at a minimum was attributed to pathological changes in the airways or to broncho- 
spasm. In comparison with the emphysematous patients, the asthmatics showed higher air- 
way resistance during quiet breathing, higher maximum effective expiratory pressure, and 
approximately equal maximum velocities of airflow during expiration. These findings 
suggest that changes in the airways themselves were relatively more important in the asth- 
matic patients, while loss of elastic retractive force was relatively more important in the 
emphysematous patients. These differences in pressure-flow relationships may make possible 
a useful analysis of mechanisms of airway obstruction in patients with obstructive mani- 
festations of unknown cause. 
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STAPHYLOCOCCAL ENTEROCOLITIS IN CHINCHILLAS 
J. Sumner Woop, Ivan L. Bennett, Jr. AND Joun H. YARDLEY 
(Presented by Dr. Wood) 
This paper appears in this issue of the Bulletin. 


COMPARATIVE IMMUNOCHEMICAL AND HISTOLOGICAL STUDIES ON THE 
PATHOGENESIS OF ALLERGY OF THE SICKNESS TYPE 


FREDERICK G. GERMUTH 


A report was made on the results of histological and immunological studies undertaken 
to determine: 

(a) the relationship between immune response and the evolution of allergic lesions; 

(b) the effects of antigen dosage, type of antigen and duration of antigen administration 
on the development of allergic lesions. 

These results bear on the pathogenesis of human allergy. 

Finally, preliminary studies undertaken with Dr. Abou Pollack on the production of 
serum sickness (including periarteritis nodosa) by the passive transfer of antibody were 
presented. The slow intravenous infusion of antiserum into rabbits treated with antigen 
has consistently produced periarteritis nodosa. These results show beyond any reasonable 
doubt that necrotizing arteritis can be produced by antigen-antibody interaction. 


Chri 
I 
am 
som 
out 
fielc 
intc 
7 offi 
He 
olo 
col 
of 
im 
of 
of 
fee 
tir 
hi 


/ 


rtaken 

35 

BOOK REVIEWS 

+ sae (These reviews represent the individual opinions of the reviewers and not 
rn necessarily those of the members of the Editorial Board of the Bulletin) 


Christopher’s Textbook of Surgery, 6th edition. Edited by Lovat Davis. 1484 pp., $15.50. 
W. B. Saunders Co., Philadelphia, Pa. 
It is a pleasure to review this new edition of a very standard text and, indeed, it requires 
a minimum of comment because of its high degree of excellence. It is a long text, being 
somewhat over 1400 pages. It is thorough in scope and complete in subject coverage with- 
out being burdened by unnecessary detail. The contributors, well known in their various 
fields, have provided uniformly fine chapters and the editor has bound the various sections 
into a most coherent, readable volume. It will find wide usefulness among students, house 
officers and as a reference text. 
This volume deserves only the highest praise. 
James R. CANTRELL. i 


Heart. A Physiologic and Clinical Study of Cardiovascular Diseases, 2nd edition. By 
Apo A. Luisapa. With a Foreword by Herrman L. Biumcart. 680 pp., $15.00. The ‘ 
Williams and Wilkins Co., Baltimore, Md. ' 
The vast accumulation of knowledge in recent years in the field of cardiovascular physi- ‘ 
ology, both in the normal state and in the presence of disease, makes the recording of a 
comprehensive survey a task of ever increasing difficulty. The present volume, on the basis 
of its limited physical dimension alone (680 pages), could not possibly encompass all of the 
important facets of the field, and in this, as in the earlier edition, there are many aspects 
of the circulation which are touched upon only lightly. The author has long been interested 
in mechanical aids in the study of cardiovascular dynamics, and the illustrations reflect 
this interest. Many controversial features are presented, usually without full documentation 
of opposing views. The new chapter on cardiovascular syphilis is a case in point. Clinical 
features are often presented without due indication of their relative importance, and some- | 
times with greater emphasis on ancillary technical observations than on basic bed-side and 7 
historical factors. 
Some of the newer aspects of etiology are mentioned in this edition. Similarly, new con- 
cepts of therapy are mentioned, including adrenal steroids, the new anti-hypertensive agents, 
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cardiac resuscitive measures, etc. Discussion of many important new contributions is often 
quite limited, and in almost every chapter the reviewer has the impression of reading an 
outline, probably because of the author’s efforts to include as many details as possible, 
even if to only mention them briefly. 

This book cannot be considered a definite textbook of cardiology, but should be of especial 
interest to the person interested in surveying the field with emphasis on the contribution of 
various graphic methods to the study of the circulation. It is presented in handsome format, 
and is profusely illustrated. 

F. W. Davis, Jr. 


The Biochemistry of Vitamin B,;. Biochemical Society Symposia No. 13. Edited by R. T. 
Wrttams. 123 pp., $3.75. Cambridge University Press, New York, N. Y. 

The ultimate objectives of many investigations of vitamin By; are the elucidation of the 
chemical structure of this vitamin, of its mechanism of absorption, and of its metabolic role. 
These topics are very adequately and critically reviewed by a group of British scientists in 
the seven chapters of this book. 

This book should be very valuable to all those interested in vitamin B,2 since the thera- 
peutic and nutritional uses of this agent are rapidly being extended through intensive re- 
searches now going on. 

Bacon F. 


Textbook of Endocrinology, 2nd edition. Edited by Ropert H. Wixx1ams. 776 pp., $13.00. 
W. B. Saunders Co., Philadelphia, Pa. 

Appearing five years after the first edition, this excellent text brings the physician up to 
date on the many advances that have taken place in this rapidly progressing field of medi- 
cine. Much of the book has been rewritten and nearly all of it rearranged; the illustrations 
are excellent, and the print is set in a different type, making for easier reading. 

After a brief discussion of the general principles of endocrinology, the various glands of 
internal secretion and their disorders are covered in separate chapters. There is perhaps at 
times too lengthy discussion of physiology and chemistry; e.g., in the chapter on the para- 
thyroids, the complex subject of bone metabolism is treated more exhaustively than seems 
indicated in a textbook of this type. 

There are only a few instances where one would take issue with the text. In discussing 
the blocking agents used in the diagnosis of pheochromocytoma, Benzodioxane is not 
recommended because of its disturbing side effects, whereas many workers feel that it is 
more reliable than the recommended Regitine. Also, in the discussion of the diagnosis of 
tetany, symptoms of the acute and chronic forms are not clearly separated. 

New sections have been added on adrenalectomy for carcinoma and hypertension, on 
hyperinsulinism and hypoglycemia, and on the use of steroids and ACTH in non-endocrine 
diseases. The implication that steroids are the treatment of choice in acute rheumatoid 
arthritis will be questioned by many, however. 

Subsequent chapters on the influence of the endocrines on growth and development, 
obesity, and neuro-endocrinology cover these fields well. In the last section, the author 
refers too many times to the corresponding chapter in the first edition, as if the reader is 
expected to have this before him. 

The chapter on laboratory procedures has been greatly improved. Each contributor 
covers his particular field and discusses thoroughly the various tests that are available, both 
as to technique of preformance and value in diagnosis. 

A new concluding chapter nicely summarizes what is and what is not endocrine disease 
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and succinctly advises the physician regarding the use of hormones. The chemical names 
of the preparations available are listed, and the physician is urged to use these rather than 
trade names when prescribing. 

The book does not cover gynecomastia and hirsutism as extensively as is desirable but 
continues to be the best in its field and will prove most valuable to any physician engaged 
in the practice of medicine or in research in endocrinology. 

H. F. Kiineretter, JR. 


Electrochemistry in Biology and Medicine. Edited by THEoporE SHEDLOvsKY. Sponsored 
by The Electrochemical Society, Inc., New York, N. Y. 369 pp., $10.50. John Wiley & 
Sons, New York, N. Y. 

This book is the result of a symposium held in New York in 1953. While it really repre- 
sents three different subjects, a worker concerned with any one of them is likely to gather 
material of value by reading the book. since all three subjects involve the behavior of ions in 
solution, which is of interest to biologists. 

Each chapter of the book is written by a different author or authors. The first eleven 
chapters deal with membrane potentials, and discuss both living and non-living systems. 
The following five chapters are primarily concerned with the physical chemistry of ions in 
solution. The last three chapters treat electrocardiography, electronencephalography of 
brain tumors, and the nature of epileptic discharge, respectively. 

The book is a sample, though far from complete, of current views held on these sub- 
jects in North America. It is recommended as a good place to start in learning about the work 
that has been done by the various authors. 

W. Davies 


Grundfragen der Neurosenlehre. By J. H. Scuuttz. 215 pp., $5.70. Georg Thieme Verlag, 
Stuttgart, Germany. Also Intercontinental Medical Book Corp., New York, N. Y. 

The author treats the subject of “Medical Psychology” (equals U. S. A. “Psychiatry’’) 
from an eclectic point of view. Many different schools of thought and concepts are men- 
tioned in a non-critical attitude. For American readers there is some relief in seeing a book 
that is not strongly slanted to support a special school of psychiatry. The subject of psy- 
chiatry is thus treated more in the medical attitude—though not from an exclusively or- 
ganic point of view—than in the usual psychiatric manner. Although this book is satisfactory 
for what it does, its deficiencies nevertheless sound to a critical minded reader like the 
treatises on medicine of 100 years ago, when too little was known of pathological principles 
for an adequate treatment; thus reminding us of the current primitive state of development 
of the complex subject of psychiatry. 

The publisher, Georg Thieme of Stuttgart, is to be congratulated on the high standard of 
book making still existing in Western Germany. 

W. Horstey GANTT 


Vitamins in Theory and Practice, 4th edition. By L. J. Harris. 366 pp., $6.50. Cambridge 
University Press, New York, N. Y. 

This entertaining little volume presents the story of the vitamins in a simple and readable 
fashion. Designed for the lay reader, the book provides accurate information concerning the 
history, chemical structure and biological activity of the known vitamins. Students, nu- 
tritionists and others who desire an elementary knowledge of these accessory food factors 
will find the book profitable and enjoyable. It is in no sense a medical text. 

C. Locxarp CONLEY 
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Differential Diagnosis of Internal Diseases. Clinical Analysis and Synthesis of Symptoms 
and Signs on Pathophysiologic Basis, 2nd edition. By JuLiuUs BAUER. 987 pp., $15.00, 
Grune & Stratton, New York, N. Y. 

This is the second and enlarged edition of an extraordinarily fine book. The author, a 
clinical professor of medicine, has obviously had an unusually broad experience in practice, 
The book, therefore, will appeal particularly to the practitioner but it contains much to 
interest and stimulate both the teacher and clinical investigator. The author discusses in 
the preface the enormous importance of neurosis in differential diagnosis and the text de- 
velops in a most instructive way his views on practical procedure. 

The organization of the book is excellent. It is well but not profusely illustrated. The 
usual charts and tables of more conventional treatises on differential diagnosis are purposely 
omitted. The index is unusually good; references are very wisely chosen. 

This reviewer considers this a most important and valuable source of information on the 
practical aspects of differential diagnosis. 

Benjamin M. BAKER 


Current Therapy 1955. Edited by Howarp F. Conn. 692 pp., $11.00. W. B. Saunders Co., 
Philadelphia, Pa. 

This volume is well arranged and so divided that desired information regarding therapy 
is readily accessible to the reader. The procedures for treatment are concise and to the point 
and as stated in the preface, are based on the assumption that the correct diagnosis has 
been made. This is, of course, a warranted assumption, and should be an added stimulus 
for the careful assembling of facts and their proper interpretation. Then one may turn 
to the volume with far greater confidence in one’s therapeutic efforts. The list of contributors 
is an imposing array of talent, each a recognized expert in his particular field, whose advice 
is worthy to be followed. In the therapy of conditions capable of more than one approach, 
the opinion of two or more with experience is offered. This not only emphasizes differences 
of opinion as to the proper therapy, but indicates as well that there are few hard and fast 
rules that can be laid down. 

The section on Infectious Diseases is particularly good. The use of sulphonamides and 
antibiotics has reached the stage of discriminating selection by the careful physician, when 
the sensitivity of the offending bacterium to the drug is the determining factor in its use, 
and the presence of fever is no longer the indication for the use of this group of drugs. It 
has taken a long time to establish this attitude and whereas the authors have made clear 
the necessity for the selective approach to the use of antibiotics, more emphasis upon this 
would be appropriate and desirable. The sections on the Common Cold and those on Viral 
Diseases in general are to be commended in particular as they point out the ineffectiveness 
of antibiotics in viral diseases, and deplore their careless use. Would that more emphasis 
had been put upon the indiscriminate use of antibiotics, and the actual danger which such 
use may entail. 

The division of the volume into sections is, of course, necessary to make it readily usable, 
and such division is in the main good, even though it may create a sharper delineation of 
disease than is always desirable. It is a bit disconcerting to find the treatment of glomerulo- 
nephritis, renal failure and uremia in the section with urethritis and Peyronie’s Disease. 
The section on Diseases of the Nervous System is worthy of comment in that the limited 
therapeutic possibilities in so many of its affections are forthrightly acknowledged and a 
conservative approach is employed where such limitations exist. Such an attitude inspires 
confidence in the volume as a whole. In other sections some therapeutic procedures advised 
are a bit radical but in most their real worth is established. It is to be hoped, however, that 
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such a cataloguing of disease will not tend to cause the doctor to forget to treat his patient 
as an individual as well as his disease. 

Current Therapy is to be commended to every practicioner of medicine and its use urged. 
Desired information as to treatment which is proved by experience is available here, and 
if it does nothing more than draw the doctor away from advertising brochure therapy it is 
eminently worthwhile, but sound advice is obtainable for the seeking. 

Cuartes W. WAINWRIGHT 


Medical Treatment of Mental Disease. By Danret J. McCarruy anp Kennetu M. 
Corrin. With Sections by Eight Contributors. 653 pp., $12.00. J. B. Lippincott Co., 
Philadelphia, Pa. 

This six hundred and fifty-three page volume is dedicated to Dr. Silas Weir Mitchell. 
The authors organize their book into first, general considerations, then a classification of 
mental disorders, including a large emphasis on the “organic” mental illnesses. Other 
sections are on basic treatment methods and medico-legal aspects of psychiatry. 

The point of view of Doctors McCarthy and Corrin is stated repeatedly in a number of 
ways, all meaning approximately the same thing to this reviewer. A sample of this point of 
view is as follows on page 4 in the introductory section of the book called “The Physical 
Basis of Psychiatry”; “Mental disease is a perversion of function of the brain, a deviation 
from the normal in certain underlying processes. It is the authors’ conclusion that these 
disturbances are uniformly organic in origin and produced by changes in the nerve cell, 
although specific etiology in many instances still remains unknown.’’ On page ix of the 
preface the authors state, “We recognize that emotional factors are important, constituting 
a part of the illness, but we believe that they represent effects of disease, not causes.” 

' This reviewer finds the book alien to his training as an internist and psychiatrist, and 

his experience in treating and diagnosing patients with emotional problems of serious degree. 

The authors show a curious ambivalent attitude toward psychodynamic psychiatry. On the 

one hand they quote leading psychoanalytic authors, and on the other they completely 

reject well known and daily used principles of dynamic psychiatry. 

Recognition of mental mechanisms (for example, repression and denial) which are the 
everyday concerns in the work of the psychiatrist in formulating problems and dealing in a 
practical way with patients, is almost completely absent in this book. The problem of 
anxiety, which is foremost in dealing with the emotional aspects of mental life, in health and 
in disease, is nowhere mentioned or formulated in this book. Lip service is paid to many of 
the ideas current in the last thirty years in dynamic psychiatry, but the reader gains the 
impression that the authors are not in accord with these views and feel that to be “scientific” 
they must resort to an organic etiology, a tangible, mathematical, measurable entity in 
order to understand and to present their ideas. No serious clinically experienced student of 
human behavior would deny the organic basis for all behavior and function. 

The descriptive aspects of some types of mental illness. the shock therapies. and legal 
aspects are informative. 

This volume reminds one of the scene in “A Christmas Carol” by Charies Dickens, that 
intuitive humanitarian, who presents the picture of Scrooge on first seeing Marley’s ghost. 
Marley’s ghost says “What evidence would you have of my reality beyond that of your 
senses?” “I don’t know,” said Scrooge. “Why do you doubt your senses?” “Because,” 
said Scrooge, “A little thing affects them. A slight disorder of the stomach makes them cheats. 
You may be an undigested bit of beef, a blot of mustard, a crumb of cheese, a fragment of 
an underdone potato. There’s more of gravy than of grave about you, whatever you are!” 
Dickens here recognizes that Scrooge is dealing with anxiety. The authors of the book under 
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review do not see human personality working in such a functional way. Apparently the 
problem of meaning is not considered by Doctors McCarthy and Corrin. Meaningful emo- 
tions must be considered whether the treatment of mental disease be pharmacological, 
surgical or psychological. 

T. Drxon 


Urology. Edited by Mereprra CAMPBELL; 3 volumes, 2356 pages, $60.00. W. B. Saunders 
Co., Philadelphia, Pa. 

The gigantic work published under the editorship of Dr. Campbell is the combined effort 
of 52 collaborators. The entire field of urology is handled in encyclopedic fashion by recog- 
nized authorities in the various topics. 

Being published some 20 years since the last similar effort, this work fulfills a real need. 
The field of urology has greatly expanded during this interval primarily by the assimilation 
of basic science discoveries and secondarily by liberalization of surgical indications permitted 
by the concurrent advancement in surgical techniques, management of blood loss, anaes- 
thesia, and the treatment of infections. Thus, there was need to synthesize in one publication 
the present concepts of urologic diseases and their current management. This synthesis of 
modern urology, the avowed objective of the editor, has been accomplished in an admirable 
fashion. 

Great variation exists in the quality of the individual contributions. Most are excellent; 
several are outstanding monographs of the subject treated and reflect not only the broad 
knowledge of their authors but also show painstaking care in manuscript preparation and 
bibliography selection. A few chapters fall below expected standards. Unfortunately the 
management of hypospadias is one of them. The tone of most of the chapters is somewhat 
didactic but there is sufficient overlap between them so that seasoned opinion is generally 
registered. 

If there is any serious defect in these volumes, it is, in this reviewer’s opinion, the rela- 
tive lack of cross references between discussions of the basic phenomena of a condition and 
the unabridged discussion of its clinical management. This detracts from facile utilization 
of the volumes as a reference work, but is partly compensated for by the excellent chapter 
bibliographies. 

The work seems destined for a place beside its classic predecessors such as those of Hin- 
man, Young, and Cabot. It will be useful to practicing urologists, general surgeons doing 
some urology, and urologic residents. It especially deserves a place in the libraries of all 
institutions training surgical and urologic residents. 

J. Hopkins 
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New romC I BA 


pharmaceutical specialties to meet the 
needs of expanding medical practice 


a 3 i hydrochloride (methyl-phenidylacetate hydrochloride C!IBA) 


is a completely new, mild cortical stimulant that smoothly lifts the patient out of 
fatigue and depression, virtually without letdown or jitters. A more effective but 
not an overreactive agent, Ritalin serves as an antidote for depression, psychogenic 
fatigue, and drug oversedation. AVERAGE DOSAGE: 10 mg. b.i.d. or t.i.d., adjusted to 
the individual. supPLIED: Tablets, 5 mg. (yellow), 10 mg. (light blue) and 20 mg. 
(peach-colored 


combines an antihistamine with a new mild cortical stimulant — Ritalin — to boost 
patients’ spirits while relieving their primary allergic symptoms. DOSAGE: 1 or 2 
tablets every 4 to 6 hours if necessary. SUPPLIED: Tablets (light blue, coated), each 
containing 25 mg. Pyribenzamine® hydrochloride (tripelennamine hydrochloride 
CIBA) and 5 mg. Ritalin” hydrochloride. 


® 
+ 1 | : | 
chieride (chiorisondamine chloride CIBA) 


is a new ganglionic blocking agent, a potent addition to the physician’s arma- 
mentarium against moderate to severe refractory hypertension. Patients with 
chronic, severe or even malignant hypertension often show good response to 
Ecolid. This new ganglionic blocker promptly reduces blood pressure, is more 
consistent and more predictable in action than other ganglionic blockers, and is 
sufficiently long acting to be effective usually with only two oral doses a day. 
DOSAGE: Write for booklet entitled “Ecolid— A New Ganglionic Blocker for 
Hypertension.” suPPLIED: Tablets, 25 mg. (ivory) and 50 mg. (pink). 


(tripelennamine hydrochloride and 
methy!-phenidylacetate hydrochloride CIBA) 


T.M. 


(reserpine and 
methyl-phenidylacetate hydrochloride CIBA) 


provides stabilizing therapy for the emotionally insecure patient whose “up-and- 
down” moods range from anxiety to depression. Serpatilin combines the tranquiliz- 
ing effects of Serpasil with the safe and mildly stimulating effects of new Ritalin. 
DOSAGE: 1 tablet b.i.d. or t.id., adjusted to the individual. suPPLIED: Tablets, 
0.1 mg./10 mg., each containing 0.1 mg. Serpasil® (reserpine CIBA) and 10 mg. 
Ritalin® hydrochloride. 

CIBA 


SUMMIT, N. J. 
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continuing benefits 
ETICORTELONE 


(PREDNISOLONE) 


in corticosteroid therapy 


with fewer interrupting side effects 


—minimizes edema due to sodium retention 
—up to 5 times as potent as hydrocortisone 
—permits liberal diet without salt restriction 


in rheumatoid arthritis: effective relief of 


pain, swelling, tenderness 


in intractable asthma: relief of bronchospasm, dyspnea, 
cough; increases vital capacity 


in collagen diseases and allergies: hormone benefits 
with decreased electrolyte side effects 


supplied in three strengths—1 mg., 2.5 mg., 5 mg. tablets for 
convenient, individualized dosage 


4 


i 


4 


ly 
d to 
It to 7 
In. | 
1.00 
the 
sing 
ffice 
bers 
and | 
red, 
a 3 
m., 
‘ive 
ind 
ber | 
ast : 
of 
ar- 
not 
are 
nse | 
eX- 
or. 
ch 
ed. 
wt.s-63-1255 
4 


peach-colored, newest 
liquid form of the 
established broad- 
spectrum antibiotic... 


TERRAMYCIN®t 


125 mg. per 5 ce. 
teaspoonful; 

specially homogenized 
for rapid absorption; 
bottles of 2 fi. oz. 

and 1 pint, packaged 


ready to use. 
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Peaches provide the 
delightful new taste 


TERRABON 


BRAND OF OXYTETRACYCLINE HOMOGENIZED MIXTURE 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. ( 


"Trademark Brand of oxytetracycline 
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A DEPENDABLE, QUICK-ACTING 
CEREBRAL AND MEDULLARY 
STIMULANT 


Metrazol is indicated in narcotic 
depression, for instance, in poisoning 
with barbiturates or opiates and during 
or after the operation when respiration 
becomes inadequate because of medul- 
lary depression due to the anesthetic. 


Metrazol, pentamethylentetrazol Inject 3 cc. Metrazol intravenously, 
Ampules, | cc. and 3 cc. 
Sterile Solution, 30 cc. vials repeat if necessary, and continue with 


Tablets and Powder | or 2 cc. intramuscularly as required. 


rauma Needles ) 
with sutures attached 


From the smallest... 


a Complete line 


Do you require a needle 
especially designed for 

a new technique? 
Because stainless steel MTN are manufactured in 
Deknatel’s own plant, our Research Staff can make 
any needle to your specificationson their complete 
line of sutures. ore 


to the largest... 


Deknatel & Son, Inc. 


Queens Village 29, N.Y. 
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Upjohn 


medicine .. . 


designed for health . . . 


produced with care 


BULLETIN OF THE JOHNS HOPKINS HOSPITAL 


School for Ph.D.’s 


For most people, earning a degree 
means the end of formal education. 
At Upjohn, the reverse is true. Com- 
pany management, realizing that its 
people must continually be exposed 
to advancements in the sciences if 
the common research effort is to be 
productive, has instituted a research- 
medical seminar program designed 
to keep technical staff members 
abreast of thinking and new devel- 
opments in their respective fields. 


Seminars conducted by research and 
medical personnel are held regularly 
throughout the year. Authorities in 
various research fields from all 
parts of the world are guest speak- 
ers. During 1956, outstanding men 


of science scheduled to visit Kala- 
mazoo to take part in the seminar 
series include: Dr. Rachmiel Levine, 
Michael Reese Hospital, Chicago; 
Dr. Harris Isbell, National Public 
Health School, Lexington, Kentucky; 
Dr. Byron Soule, University of 
Michigan; Dr. Don Nelson, Harvard 
University Medical School; Dr. J. H. 
Burn, Oxford University, England; 
and Dr. Joseph Earle Moore, Johns 
Hopkins School of Medicine. 


In a field as highly competitive as 
pharmaceutical manufacturing, the 
position of a leading producer de- 
pends in great measure upon the 
“know-how” of its research staff. It 
is for this reason that Upjohn con- 
tinually makes it possible for its 
people to hear at first hand of the 
work of their fellow investigators. 
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THE BERBECKER ‘’SPRING EYE” 
Threads Instantly 
Holds Securely 


THE BERBECKER Spring Eye may be threaded at any 
point on the suture merely by forcing the suture 
through the slot into place. It is then held as securely 
as though in a solid eye. 

This eye permits use of black silk or other non- 
absorbable sutures, as used in the Halsted technique, 
for stomach and other abdominal operations, where 
tension on the wound is excessive. One of many de- 
pendable Berbecker needles obtainable regularly 
at your surgical supply dealer. 


Fig. 6 


BERBECKER SURGEONS NEEDLES 


Made in England for the Surgeons and Hospitals of America 
JULIUS BERBECKER & SONS, INC., 15 E. 26th ST., NEW YORK 10 
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(THIMEROSAL, LILLY) 


“Merthiolate’ is highly active under virtually all 
conditions; is relatively nonirritating and nontoxic 
“Merthiolate’ is germicidal in dilutions up to 1:4,000 in serum 
media and is relatively nonirritating in the concentrations 
suggested for use. It also maintains its activity in the presence 
of soaps. The fact that ‘Merthiolate’ is used as a bacteriostatic 
agent in fluids for parenteral administration gives strong evi- 
dence of its safety. 


SC du ANNIVERSARY 1876 -+- 1956 / ELI LILLY AND COMPANY 
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The June, 1955 


ollum-Pratt Symposium 


Inorganic 
Nitrogen 


FUNCTION OF METALLO—FLAVOPROTEINS 


: 9 Edited by WILLIAM D. McELROY 
and BENTLEY GLASS 
LILLY) 

1 ers and discussions by world authorities on such 
oxic ects as nitrogen fixation, nitrification, denitrifica- 


nitrate and nitrite reduction, and ammonia 
serum #abolism. A complete and up-to-date review of the 
jor aspects of inorganic nitrogen metabolism. 


$10.00 
ostatic 
ig evi- 
THE JOHNS HOPKINS) PRESS 
7 BALTIMORE 18, MARYLAND 
PANY 


Previous 


McCollum-Pratt 
Symposia, 

Edited by 

William D. McElroy 
and Bentley Glass 


Amino Acid 
Metabolism 


The synthesis and degrada- 
tion of amino acids and their 
incorporation into proteins 
were discussed in the June, 
1954 Symposium. 

“Workers in many fields will 
find this volume a necessary 
addition to their libraries.’’— 
Biological Abstracts $12.50 


The Mechanism of 
Enzyme Action 


. highly recommended to 
students of biochemistry in 
all stages of development . 
should be included in any 
modern bookshelf in this field.”’ 
—C. B. Anfinsen, Science 

$11.00 


Phosphorus 
Metabolism 


“Because of the many im- 
portant roles played by phos- 
phorus compounds in metab- 
olism, Volumes I and II of 
Phosphorus Metabolism pre- 
sent a rather comprehensive 
view of biochemical knowl- 
edge at the mid-point of the 
twentieth century.’’—Science 

Volume !-$10.00 

Volume $11.00 
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MAGNESIUM PHOSPHATE TRIBASIC 4% 


combination of 
ALUGEL 


Indicated in treatment of gastric hyperacihly 
AVERAGE DOSE One or two 
BRAND OF 
i ALUMINUM HYDROXIDE GEL 
MAGNESIUM PHOSPHATE TRASK 
ANTACID 


indicated for the reliet of 
Eastric hyper acidity 
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WINTON COMPANY 


RALPH WINTON C9. . 
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Meets the Test! 
- PEPTIC ULCER and GASTRIC HYPERACIDITY | 
“4 * Prompt and sustained relief. 
_ * Adequate phosphatetoprevent 
Supplied in 16 fi oz. bottles - 
3 ALUGEL WINTOS 
The Aluminum Hydroxide in this product 
28 an effective antacid and absorbent in the f 
neuts alization of excess stomach acid. 
sttective antacid and supplies essent o 
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Each tablet. contains: 
0:15 mg: for hypothalamic action 
for cortical action’ 


AND TENSION: STATES. 
PREMENSTRUA\ TENSION: 
MENOPAUSAL SYNDROME} 
ESSENTIAL HYPERTENSION: 
ANGINA PECTORIS 

OCCLUSION: 
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in the management 
of your food-sensitive 


patients, specify 


Sobee 


hypoallergenic soya formula 


a soybean protein food for sound nutrition 


When you specify Liquid Sobee, the eczema and 
gastrointestinal disturbances caused by milk allergy 
are usually promptly relieved. These disturbances, 
when due to other food allergens, are also 

usually relieved by using Liquid Sobee as the basis 
of an elimination diet. Liquid Sobee is exceptionally 
well taken and well tolerated. Stools are 
satisfactory; diaper staining is no problem. 


nee. 


“Thermo-flash”’ sterilization gives Liquid Sobee a 
pleasant, bland flavor... attractive, light color... 
permits maximal preservation of amino acids and 

important B vitamins. 


In a study reported by Kane,* babies on 
Sobee showed: 

Satisfactory growth and nutrition ... 99% relief of 
eczema, 90% relief of gastrointestinal and/or non- 
dermatologic symptoms . . 


. excellent acceptance. 


*From an exhibit by Sydney H. 
Kane, M.D., at the American 
Medical Association meeting, 
Atlantic City, N. J., June 6-10, 
1955. 


SYMBOL OF SERVICE IN MEDICINE 


MEAD JOHNSON & COMPANY, EVANSVILLE 21, INDIANA, U.S. A. 
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